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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 
PRAIRIE  DOG  CREEK  STUDY  AREA 
BIRNEY  WEST  COALFIELD 
MONTANA 

INTRODUCTION 

Recent  energy  shortages  have  forced  our  society  to  seek,  new  domestic  sources. 
Attention  has  focused  on  the  immense  quantities  of  low  sulfur  coal  that  lie 
within  the  Rocky  Mountain  and  Northern  Great  Plains  regions.   The  Department  of 
the  Interior,  principally  the  Bureau  of  Land  Management,  is  responsible  for  both 
assisting  in  meeting  these  energy  demands  and,  at  the  same  time,  providing  sound 
reclamation  guidelines  so  that  the  disturbed  lands  are  restored  to  an  acceptable 
condition. 

PURPOSE 

The  primary  purpose  of  this  report  is  to  present  data  obtained  from  Bureau  of 
Reclamation  investigations  in  the  Prairie  Dog  Creek  Study  Area.   In  order  to 
give  a  more  complete  picture  of  the  area,  very  brief  descriptions  of  the  geology 
and  coal  resources  as  determined  by  U.S.  Geological  Survey  studies  are  also 
included . 

AUTHORITY 

This  report  is  prepared  in  accordance  with  Section  4  of  the  agreement  between 
the  Bureau  of  Land  Management  and  the  Bureau  of  Reclamation  dated  May  7,  1974, 
and  Work  Order  Number  FY78  dated  February  10,  1978. 

RESPONSIBILITY 

BUREAU  OF  LAND  MANAGEMENT 

1.  Select  study  area  and  determine  extent  of  study. 

2.  Procure  easements  and  rights-of-way. 

3.  Identify  probable  post-mining  land  use(s). 

4.  Prepare  inputs  to  the  report  on  the  subjects  of  present  land  use,  visual 
resources,  and  wildlife  habitat  considerations. 

5.  Provide  technical  support  and  guidance  to  other  cooperating  agencies. 

BUREAU  OF  RECLAMATION 

1.  Conduct  drilling  operations  to  procure  and  log  core  samples. 

2.  Install  casing  in  holes  selected  for  ground  water  observation  wells. 

3.  Evaluate  core  material  in  relation  to  its  suitability  as  plant  growth  media 
if  needed  for  reclamation  purposes. 

4.  Conduct  a  land  suitability  classification  of  the  study  area  to  determine 
quality,  quantity  (depth),  and  ease  of  stripping  soil  and  overburden 
material  for  reclamation  and  revegetation. 

5.  Coordinate  assembly  and  printing  of  the  final  report. 

6.  Advise  BLM  on  reclamation  potential. 


GENERAL  DESCRIPTION 

LOCATION 

The  Prairie  Dog  Creek  Study  Area  is  located  in  Rosebud  County,  approximately  10 
miles  southwest  of  Birney,  Montana  (Plate  1).   The  study  area  consists  of  about 
9,970  acres  of  rugged,  mostly  forested  land  in  all  or  parts  of  sec.  4,  5,  6,  7, 
8,  9,  10,  11,  14,  15,  16,  17,  18,  20,  21,  26,  27,  28,  32,  33,  34,  and  35,  all  in 
T.  6  S.,  R.  41  E.   Plate  2  shows  the  topography  and  the  location  of  all  Bureau 
of  Reclamation  drill  holes.   Surface  ownership  is  divided  into  private,  Federal, 
and  State  of  Montana  parcels  (Plate  3).   All  coal  is  owned  by  either  the  State 
or  Federal  government  (Plate  4). 

PRESENT  LAND  USES 

The  Prairie  Dog  Creek  watershed  is  used  extensively  for  livestock  grazing. 
There  is  no  dryland  or  irrigation  farming  or  any  commercial  timber  production, 
except  for  fence  posts. 

POSTMINING  LAND  USE 

Postmining  land  uses  on  the  Federally-owned  surface  are  anticipated  to  be 
livestock  grazing  and  wildlife  habitat. 

RULES  GOVERNING  MINING  AND  RECLAMATION  OPERATIONS 

In  Montana,  coal  mine  operators  must  comply  with  all  established  rules  pursuant 
to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  (1973).   These  rules 
are  presented  in  Appendix  A  of  the  "Montana  Permanent  Program"  for  regulating 
surface  and  underground  mining  activities.—' 

The  Montana  Department  of  State  Lands  is  the  regulatory  agency  responsible  for 
administering  this  program. 

OBJECTIVE  OF  RECLAMATION 

Montana  law  presently  requires  the  coal  mine  operator  to  restore  all  disturbed 
areas  "in  a  timely  manner,  either  to  conditions  capable  of  supporting  the  uses 
they  were  capable  of  supporting  before  any  mining  or  to  conditions  capable  of 
supporting  approved  alternative  land  uses.   Alternative  land  uses  may  be 
approved  by  the  Department  of  State  Lands  after  consultation  with  the  landowner 
or  land-management  agency  having  jurisdiction  over  the  lands.  .  ."   (Rule  XVI,  5(c) 
pursuant  to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  -  Montana 
Permanent  Program) . 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner(s)  and 
approved  by  the  Montana  Department  of  State  Lands,  the  main  objective  of  recla- 
mation in  the  Prairie  Dog  Creek  Study  Area  would  be  to  establish  a  diverse  vege- 
tative cover  with  an  interspersion  of  vegetative  types  over  the  reclaimed  land 


1_/  The  Montana  Permanent  Program  was  approved  by  the  U.S.  Department  of  the  Interior, 
Office  of  Surface  Mining,  on  April  1,  1980. 
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capable  of  supporting  livestock  and  wildlife.   The  visual  resource  of  tho 

:i:^\Tjrzis.tudy  Area  is  of  Msh  quality  and  shouid  ^  °£*«2%.«>r. 

PHYSICAL    PROFILE 
CLIMATEl/ 
The   Prairie   Dog   Creek    Study   Area    has    a    continental-type,    semiarid    climate 
pCreacripiLr:ioen.by   ""   "^    M   "* '    -    ^   ^^    in^lLnal 

Precipitation 

The  mountains  along  the  Continental  Divide  cause  air  masses  to  r*«    ^      •  • 
tate  their  moisture,  primarily  on  the  windward  slopes    ^he  at  precipi- 

and  dry  as  they  descend  the  leeward  slopes.   As  a  result   a  'UtTT^        "   "™ 
created  over  the  eastern  Montana  counties.   The  avlraee  ann„J  1S 

these  counties  is  about  13  inches.  average  annual  precipitation  in 

The  Birney  2SW  weather  station,  located  about  8  miles  east  of  h,p  «r   a 

Month 

^  Feb,  Ha^  Apr_  May_  j^     ^        ^  ^_  ^   ^ 

(Inches) 

0.55  0.46   0.46   1.56   2.19   2.86   !.05  0.94   1.12   1.01   0.73   0.53   13.46 

The  principal  growing  season  in  this  area   Anril  t-h™  u    t 

mately  49  percent  of  the  annual  precipitation  n  §  ^ '  reCeives  approxi- 
spring  rains,  July  is  hot  drv  and  Ik  aVerage  year*  Foll™ing  the 
otranspiration  rates!  Y  Wlth  excessive  evaporation  and  evap- 

snow,    and    ^.^1^^^''^^/^^^   ^    ™    *    ^    *»   * 

~rbri^ia^c::jrLhainrorr; raost  — in  juiy  -  *■*»*■  « 

southwestern  United  States  retulrT  •    S??lpermanent  low  Pressure  area  in  the 
contributing  to   his  phenomenon   n   *  ^^    *lT    lnt°  the 

rainfall  is  usually  minimal   L,  DamagV°  ran*e  Pla^s  from  hail  and  heavy 

""  erosion,  espec^^  .,2^^^  "S  sp^ly^  S  ££~ 


1/  Data  from  U.S.  Geological  Survey  Open -File  Reports  81-37   81-412   82  97,    „ 
subsequent  unpublished  data.  '      12 »  82-273,  and 


Wind  and  Temperature 

Winds  in  this  area  blow  predominantly  from  the  northwest,  but  during  spring, 
summer,  and  fall,  they  are  commonly  from  the  west  or  southwest.   Occasional 
winds  from  the  south  and  southeast  also  occur;  typically,  these  are  of  short 
duration.   Winds  are  generally  slight,  averaging  7  miles  per  hour  in  velocity. 
The  strong  winds  which  bring  the  winter  and  spring  storms  are  almost  invariably 
from  the  northwest. 

The  following  mean  monthly  and  annual  air  temperatures  were  recorded  at  the 
Birney  2SW  station  between  1955  and  1978: 

Month  (°F) 

Jan   Feb   Mar    Apr   May    June   July   Aug    Sept   Oct    Nov    Dec    Annual 
9~."0   17.2   34.0   48.8   5576   64.6   69.2   66.0   607o   4675   2473   12.0  ~4273~ 

During  this  period,  temperature  extremes  of  99°F  (September)  and  -35°F 
(December)  were  recorded. 

The  frost-free  period  (>32°F.)  averages  108  days  at  Birney.   The  growing  season 
for  hardy  grasses  (>28°F.)  in  average  years  begins  May  10  at  Birney  and  ends  131 
days  later  on  September  19.   Growth  of  native  range  plants  and  small  grains  is 
rapid  during  May  and  June.   By  mid-July,  however,  the  available  soil  moisture  is 
usually  depleted  and  the  plants  manure  or  become  dormant. 

Site-Specific  Climatological  Data 

Climatological  data  is  being  collected  in  the  Prairie  Dog  Creek  basin  by  the 
U.S.  Geological  Survey.   Data  collection  began  in  October  1978  and  is  yet 
ongoing. 

The  following  is  a  summary  of  mean  monthly  and  annual  precipitation  values  based 
on  data  recorded  over  a  3-year  period  at  USGS  Station  No.  1  (located  near  the 
mouth  of  Prairie  Dog  Creek): 

Month 

Jan   Feb   Mar   Apr   May   June   July  Aug    Sept   Oct    Nov   Dec   Annual 

(Inches) 

0.34   0.83   0.57   0.73   2.70   1.60  0.73   0.53   0.53   0.56   0.90   0.67   10.69 

High  -  11.20  inches;  October  1978  -  September  1979  and  October  1980  - 

September  1981. 
Low  -  9.80  inches;  October  1979  -  September  1980. 

Mean  monthly  and  annual  air  temperatures  recorded  at  USGS  Station  No.  1  between 
October  1978  and  September  1982  are  summarized  as  follows: 

Month  (°F) 

Jan   Feb   Mar   Apr   May   June   July  Aug   Sept   Oct    Nov   Dec   Annual 

11.3   19.4   29.8   43.5   52.3   62.4   71.4   68.9   57.0   43.0   27.7   18.1    42.1 


High  -  45.5°F;  October  1980  -  September  1981. 
Low  -  39.2°F;  October  1978  -  September  1979. 

The  reader  is  referred  to  U.S.  Geological  Survey  Open-File  Reports  81-412  anH 
cl:ll\l:inm°re   SP6CiflC  C"««**i«l  *'■  being  collected  ^tL^^og 

Effect  of  Climate__onJRgvpgP t a t i o n 

uog'SefsU  l^Tll^TylllT   £""   ?*    "^'"^    «-   *•  P«1rl. 

moisture  from  winter  pr  i       /    ,'     T'"8  ralns'  couPlad  »">>  stored 

establishing  good  "tan^ Ts  '  rl    ^  L?^"  ^  "^^  £°r 

cession  of  drought  years  «10  inches  of  annu^eclpitarL^^Zld"  *  T 
limit  revegetation  efforts.  i^npuation)  would  severely 

growing  season,  (2)  intense  thunderstorms   '       «     "l1!  dUring  the 

and/or  cause  soil  erosion,  (3)  late  spring  freezes   and  4? d ?  ?•  Vegetatloa 
moisture  by  wind.   Additional  onsite  data  collJctlon  wil   he   P    0n  °f  SQl1 
mining  to  more  accurately  determine  nrobabn    »   f         necessary  prior  to 

tors.   This  data  can  then  be  u.5V££«  £t   *  Jm""^-  °f  th8Se  ^ 

revegetation.  C  Dest  Possible  seeding  times  for 

PHYSIOGRAPHY 

?o:dePraLr::rDBasLr:ekThisUdLsAiriJeSsl0Cr„ed    1   °~   a°«>™   P«t   of    the 
section   of    the  Croat   ^X^Uh^T',,d   ^"^   """» 

X^p"":*.^  irs.'^t^-.v70  tfeet-  franging  f™  «10  *•« « ■ 

in   section   32   along   a   tribu  a"   of  ^^F  70^ r'^   "?*   f*"    l°  M4°   fa« 

southern    tip   of    the   studv   are/      o   ,,  /  f   Can>">n   creek   at    the 

the  PrairiePDog  Creek"  tl™  loof  S*^.^'^;,^  ^£  f  ™  ^J^  ,""   ^ 

canyons    tributary    to    the   major   drainages.  Vertlcal    at    the   hoads   of   some 

v^eVesrr„inh1:bodr::n:LiP^i^°\nobri"rt-southeast  trendina  -*«  - 

-est.   The  topography  is'commoniy' f red"  r^br^"8  a0"*16"'  "  S°Uth" 
formed  in  easily  eroded,  nearly  Lr  1   ,   v^  ?       and  is  ^"al  of  that 
major  drainage.  Y  norizontaHy-bedded  sediments  adjacent  to  a 

SiS^i"^^^!^^  Rlver  and  is  primar11* dralaad  * 

The   northeast   portion  t        a™    ,■?!"**   Creek   and  Jeff^s   ^"S- 

of    the   westernPedge   .nTthe'ex"       m   *  sooner        ip^tnTt  'd   ^   ~11    P°"10™ 

respectively,    by    the   North    Fork    «f    r*    ULne™    ClP    of    the    study    area    are    drained, 

creeks   drainin/tHe   .re.'^"!^^   ^IZeVvlT*  ^      *"   °f    ^ 


GEOLOGY 

Regional  Geology 

The  Prairie  Dog  Creek  Study  Area  is  located  in  the  northwestern  part  of  the 
Powder  River  Basin  in  southeastern  Montana.   This  basin  is  about  225  miles  long, 
extending  from  the  Yellowstone  River  in  Montana  to  the  North  Platte  River  in 
Wyoming.   It  is  about  90  miles  wide,  bordered  on  the  west  by  the  Bighorn 
Mountains  and  on  the  east  by  the  Black  Hills.   Structurally,  the  basin  is  an 
asymmetrical  syncline  with  a  northwestward  trending  axis.   An  estimated  18,000  feet 
of  sediments  overlie  the  basement  complex  in  the  deepest  part  of  the  basin  north 
of  Glenrock,  Wyoming. 

The  geologic  history  of  the  area  since  Precarabrian  time  has  included  periods  of 
deposition,  deformation,  and  erosion.   During  the  Paleozoic  and  Mesozoic  Eras,  a 
sequence  of  carbonates,  sandstones,  and  shales  were  deposited  throughout  Montana 
and  Wyoming.   Thickness  of  these  sediments  on  the  west  side  of  the  basin  varies 
from  9,000  feet  near  Yellowtail  Dam  to  11,500  feet  near  Buffalo,  Wyoming.   About 
6,500  feet  of  Paleozoic  and  Mesozoic  sediments  are  present  in  the  Black  Hills 
area  on  the  east  side  of  the  basin. 

The  area  was  relatively  stable  during  these  periods,  with  deposition  generally 
occurring  in  a  marine  environment.   Deformation  of  these  strata  began  with  the 
Laramide  Revolution  near  the  close  of  the  Mesozoic  Era  (Late  Cretaceous),  at 
which  time  mountain  masses  such  as  the  Bighorns  and  Black  Hills  were  uplifted. 
Uplift  continued  through  the  Paleocene  and  gradually  ended  in  Eocene  time. 
Materials  stripped  from  the  mountains  were  deposited  in  fans  or  sheets  across 
the  basin  floors,  gradually  burying  the  flanks  of  the  mountains  in  their  own 
debris.   By  the  middle  of  the  Cenozoic  Era,  the  basins  were  largely  filled  and 
the  mountains  peneplained.   In  Pliocene  time,  a  broad  regional  uplift  occurred 
and  continued  intermittently  into  Pleistocene  time.   This  uplift  raised  the  pre- 
viously developed  peneplain  surface  to  elevations  of  about  10,000  feet  in  the 
Bighorn  Mountains.   Streams  rejuvenated  by  the  uplift  excavated  the  basins  and 
exhumed  the  buried  mountain  masses. 

Today,  Precambrian  rocks  are  exposed  in  the  cores  of  the  Black  Hills  and  Bighorn 
Mountains.   These  rocks  are  surrounded  by  sediments  of  Paleozoic  and  Mesozoic 
Age.   The  central  part  of  the  basin  is  filled  with  Cenozoic  (Tertiary)  sedi- 
ments.  Plate  5  is  a  generalized  map  of  the  regional  geology  of  the  basin  area. 

Area  Geology 

Investigations 

Geologic  investigation  of  the  Prairie  Dog  Creek  Study  Area  by  the  Bureau  of 
Reclamation  occurred  during  1978  and  1979.   Twelve  drill  holes  were  cored  to 
depths  ranging  from  106.5  to  399.0  feet.   Continuous  cores  were  obtained  from 
all  holes  for  geologic  logging  and  for  the  selection  of  coal  and  overburden 
samples  for  laboratory  analyses.   Locations  of  the  drill  holes  are  shown  on 
Plate  2.   Detailed  geologic  logs  of  all  drill  holes  are  included  on  Plates  6 
through  17,  Appendix  B. 


Plote  5 


Da.ota.   Test  results  are  graphically"^'  on' C^'C""*'  N°"" 

r^,*  to  &r  :/^rj?s?ieocLegicasitusdu^r  i?  coraplrd  r-  ws 

additional  geologic  and  coal  resources  da^  ere  presen  ed'nTf '  G  T  ?* 
Survey  Open-File  Report  81-1 1 36.  presented  in  U.S.  Geological 

The  geologic  and  coal  resources  data  presented  In  Open-File  Reoorr  «,  , , ,6  • 
quite  detailed  and  will  be  summarized  for  the  "Geolocv"  »„H  ^P0"81'1136  « 
sections  of  this  renorf   ti,.  „    *•,         Geology  and  Coal  Resources" 

and  overburden  Lps1^^";^  study  aria   reP°"  ^^  be  ^™*<    f.«  geologic 

Stratigraphy 

MelL°fof^  Neocene  Age  Tongue  River 

member  in  the  area  is  about  700  fit-  ^   prin^P*l  coal-bearing  part  of  the 
are  more  than  5  feet  thick   L-^\V  o'kVin  tnT^  "  ^^  °f  WWch  7 
fine-grained  to  very  fine-grained    d   1    ,       ,  C°nSlSt  °f  interbedded 
carbonaceous  shale.       ^amed  sandstone,  clayey  siltstone,  silty  shale,  and 

The  thicker  coalbeds  have  burned  back  from  th*   n   * 

s^ssrzurxi  air r£ =:«-•' «»':*1' 

feature  of  the  study  area.  clinker.   Clinker  beds  are  a  prominent 

drl°;;^  ^e  valley  bottoms  of  all  major 

unconsolidated  deposits  of  sand   silt  J     *        T'      "  ^nera1^  consists  of 
and  boulders.  '  SlU'  Clay>  and  8ravel  with  occasional  cobbles 


Structure 


the  ^n^T^L^"  "^he  stV^^  ^^    ™^    """  <* 
degree  to  the  southeast   and  onlv  L       y  f^'  the  Strata  dlP  less  "><•-  1 
folds  and  east  or  northeast  tr^l^^.^."1"'  '"'"^  b>  -»cliMl 
faults,  the  strata  are  displaced  a  L.^o^S"^^''^^.'^,'^ 


Paleontology 


^S^lffi^tS.^SS  J~  ^  -  ^ al  any  significant  or  unu- 
included  calcareous  shells  and  allien     ,   °U'Cr°ps  and  dri11  core  samples 
were  collected  for  identification  carbonaceous  tree  fragments/  None 

Mineral  Resources 

-uTL^L^ailL^tee^^tulrSa^T'r8-  ^  "»"  ""•    «"*  " 

been  drilled  in  the  area.  7        At  leaSt  one  """Producing  well  has 


Engineering  Geology 

Stability  of  Excavation  Slopes 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the 
Prairie  Dog  Creek  Study  Area,  but  physical  property  test  results  should  be  simi- 
lar to  those  of  Fort  Union  Formation  samples  tested  at  the  Otter  Creek  Study 
Site,  Montana  (EMRIA  Report  No.  1). 

Much  of  the  bedrock  at  the  Prairie  Dog  Creek  Study  Area  consists  of  bentonitic 
shales  which  are  susceptible  to  minor  shrinking  and  swelling.   Shear  strengths 
of  the  material  are  low,  especially  in  a  saturated  condition.   Slides  could 
easily  develop  adjacent  to  high  walls  in  surface  mines,  particularly  along  beds 
of  weak,  plastic,  carbonaceous  shales  which  are  typically  cut  by  inherent 
slickensides .   Adequate  drainage  will  have  to  be  maintained  to  relieve  pore 
water  pressure  in  the  overburden  as  mine  excavations  progress. 

Saturated,  uncemented  siltstones  and  fine-grained  sandstones  will  readily  erode 
and  flow  into  excavatons.   This  problem  is  sometimes  encountered  in  drilling 
when  the  walls  of  holes  collapse  or  slough.   Depth  of  excavation  will  be  limited 
by  the  water  table  until  these  materials  are  dewatered. 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  be  depen- 
dent on  exposure  time,  moisture  conditions,  material  types  and  depth  of  cut. 
Detailed  engineering  studies  of  the  overburden  will  be  required  at  each  location 
for  use  in  determination  of  designed  slopes. 

Studies  conducted  at  the  Otter  Creek  site  indicate  that  disturbed  overburden 
(spoil  banks  and  piles)  should  have  slopes  not  greater  than  4  to  1  with  berms  of 
50  to  100  feet  in  width  designed  on  the  slope  surface. 

Stability  of  the  Present  Landscape 

In  its  present  undisturbed  state,  the  Prairie  Dog  Creek  Study  Area  experiences 
no  problems  with  land  stability. 

Overburden  Expansion 

Overburden  volumes  expand  as  the  materials  are  broken  up  during  mining.   The 
increase  in  volume  (bulking  or  swell)  differs  for  various  types  of  soil  and 
rock.   Soft  sandstones  and  shales  in  the  Fort  Union  Formation  will  probably 
expand  about  25  percent.   In  some  cases,  the  surface  of  the  replaced  overburden 
will  be  higher  after  mining  than  the  ground  surface  was  before  disturbance. 

Instability  of  the  Postmining  Landscaped' 

Three  types  of  instability  are  common  on  reclaimed  coal  mined  areas  in  the 
Northern  Great  Plains.   They  are:   (1)  area-wide  settling;  (2)  localized 
collapse;  and  (3)  piping.   Each  type  of  instability  is  affected  by  variables  in 
the  postmining  landscape.   These  include  the  physical  and  chemical  characteristics 
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Tes t  Procedures 

Specimens  for  the  laboratory  weathering  and  outdoor  exposure  tests  were  cut  from 
core  samples  collected  during  drilling  operations. 

The  reason  for  including  outdoor  exposure  tests  was  to  determine  if  any  correla- 
tion could  be  drawn  between  natural  weathering  and  the  laboratory  weathering 
conditions . 

The  laboratory  weathering  cycle  consisted  of  the  following  conditions: 

Freeze-Thaw  Cycle 

1.  Eight  hours  at  75°F  (23.9°C),  100  percent  relative  humidity 
(wetting/thawing) . 

2.  Sixteen  hours  (64  hours  on  weekends)  at  0°F  (-17°C)  (freezing). 

Wet-Dry  Cycle 

1.  Eight  hours  at  75°F  (23.9°C),  100  percent  relative  humidity  (wetting). 

2.  Sixteen  hours  (64  hours  on  weekends)  at  100°F  (37.8°C),  10  percent 
relative  humidity  (drying). 

The  core  specimens  tested  were  approximately  50  mm  (2  inches)  in  length.   For 
testing  and  handling,  each  core  specimen  was  placed  on  a  No.  10  mesh  screen  in  a 
400-ml  plastic  beaker. 

Laboratory  weathering  tests  were  started  on  January  22,  1980,  and  20  laboratory 
weathering  cycles  were  completed  on  March  24,  1980.   For  natural  weathering,  the 
core  specimens  were  placed  in  the  outdoor  exposure  test  area  at  the  E&R  Center 
on  January  22,  1980.   These  specimens  were  evaluated  after  10  weeks  and  again 
after  1  year  of  weathering. 

During  the  1-year  period  of  time,  the  specimens  were  subjected  to  about  356  mm 
(14  inches)  of  precipitation,  with  over  half  occurring  in  May  and  June. 

Tests  Results 


Laboratory  Weathering 

Test  results  of  laboratory  weathering  are  summarized  in  Table  1,  Appendix  B,  and 
shown  visually  on  Photographs  1  through  12,  Appendix  B. 

At  the  completion  of  the  laboratory  weathering  tests,  a  percent  breakdown  value 
(%BD)  was  determined  for  the  specimens.   This  value  listed  under  the  "Remarks" 
column  in  the  tables  was  derived  as  follows: 

%BD  =  TW  -  IW  (100) 
TW 

where 

TW  =  total  specimen  weight 
IW  =  weight  of  original  specimen  remaining 
intact  after  testing. 
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Based  on  discussions  with  the  Agronomy  Department  at  Colorado  State  University 
concerning  soil  texture  necessary  as  a  planting  medium  (minimum  of  30  percent  by 
weight  passing  a  No.  10  screen),  the  following  overburden  samples  from  Prairie  Dog 
Creek  broke  down  sufficiently  to  be  considered  for  possible  use  as  planting 
media:   shale  sample  P-10,  siltstone  sample  P-13,  and  sandstone  samples  P-19  and 
P-20.   Several  materials  softened  upon  wetting,  but  returned  to  a  hard  state 
after  drying.   These  included  sandstone  and  shale  sample  P-8 ,  siltstone  sample  P-14, 
and  sandy  shale  sample  P-16 . 

Outdoor  Weathering 

After  only  10  weeks  of  outdoor  weathering,  the  samples  exhibited  very  little 
physical  change.  Test  results  are  summarized  in  Table  1,  Appendix  B,  and  on 
Photographs  1  through  12,  Appendix  B. 

At  the  end  of  1  year  of  outdoor  exposure,  the  core  samples  were  reevaluated. 
Test  results  are  summarized  in  Table  2,  Appendix  B,  and  on  Photographs  13 
through  18,  Appendix  B.   A  percent  breakdown  value  (%BD)  was  determined  using 
the  same  method  as  for  laboratory  weathering,  and  the  percent  weight  passing  a 
No.  10  mesh  screen  was  determined  for  each  specimen.   These  values  are  listed 
under  the  "Remarks"  column  in  Table  2,  Appendix  B. 

Of  the  overburden  samples  from  the  Prairie  Dog  Creek  Study  Area,  3  showed  little 
or  no  change  at  all.   These  were  sandstone  samples  P-2 ,  P-5,  and  P-6 .   For  the 
other  15  samples  evaluated,  only  3  attained  the  soil  texture  necessary  for  a 
planting  medium.   The  3  were  shale  sample  P-l ,  siltstone  sample  P-14,  and  silty 
shale  sample  P-18.   The  3  samples  did,  however,  exhibit  swelling  upon  wetting, 
so  they  would  probably  be  difficult  to  handle  and  place  in  large  quantities 
during  earthmoving  operations. 

Seisraicity 

The  Prairie  Dog  Creek  Study  Area  lies  within  a  relatively  stable  part  of  North  America, 
All  of  eastern  Montana  is  within  Zone  1  of  the  Algermisson  Seismic  Risk  Map. 
In  this  zone,  distant  earthquakes  can  cause  minor  damage  to  structures  with  fun- 
damental periods  greater  than  1.0  second  (corresponds  to  intensities  V  and  VI  of 
the  Modified  Mercalli  Intensity  Scale  of  1931). 

No  earthquakes  of  intensity  V  or  above  (Modified  Mercalli)  have  occurred  in 
eastern  Montana  during  historical  times. 

The  Yellowstone  Park  area  is  the  most  active  seismic  region  within  300  miles  of 
the  Prairie  Dog  Creek  Study  Area.   The  largest  earthquake  (7.1  Richter)  recorded 
in  this  area  occurred  at  Hebgen  Lake,  Montana,  on  August  17,  1959,  a  distance  of 
about  225  miles  from  the  study  area.   Although  considerable  damage  occurred  near 
the  epicenter,  the  quake  was  not  readily  noticed  in  the  Powder  River  Basin. 

Only  2  earthquakes  with  Modified  Mercalli  intensities  as  high  as  V  have  been 
recorded  within  150  miles  of  the  study  area.   They  are  indicated  below: 


Date 


Intensity 
(M.M.) 


Distance  from 
Prairie  Dog  Creek 


Located  Near 


November  17,  1925 
February  13,  1928 


40  miles 
135  miles 


Bighorn,  Wyoming 
Thermopolis,  Wyoming 
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COAL  RESOURCES 

Three  major  coalbeds  occur  within  the  Tongue  River  Member  of  the  Fort  Union 
Formation  in  the  Prairie  Dog  Creek  Study  Area.   They  are,  in  ascending  order, 
the  Wall,  Cook,  and  Canyon  Coalbeds  (Figure  1). 

Data  on  the  coalbeds  were  obtained  from  18  drill  holes  in  and  near  the  study 
area,  10  of  which  were  cored  in  1978  and  1979  by  the  Bureau  of  Reclamation. 
Thirty-nine  core  samples  of  coal  were  analyzed  to  determine  the  composition  and 
quality  of  the  coal. 

The  most  important  coalbed  in  the  study  area  is  the  Wall,  which  ranges  from  31.5 
to  62.5  feet  thick.   The  coalbed  is  thickest  in  the  southwestern  part  of  the 
area.   Data  from  drill  holes  indicate  that  a  parting  exists  in  many  places.   In 
the  southern  part  of  the  area,  the  parting  is  2  feet  or  less  in  thickness,  but 
it  thickens  to  7.8  feet  in  the  west-central  part  of  the  area.   Apparently  it 
also  thickens  eastward  because  the  Wall  is  represented  on  the  eastern  outcrop  by 
two  clinker  beds  as  much  as  60  feet  apart.   Where  the  parting  is  more  than  3 
feet  thick,  the  upper  and  lower  benches  are  referred  to  as  Upper  and  Lower  Wall. 
The  Lower  Wall  is  5.5  to  7.1  feet  thick,  and  the  Upper  Wall  is  32.5  to  44.0  feet 
thick. 

The  Wall  Coalbed  is  not  exposed  in  the  area.   It  burned  back  from  its  outcrop 
almost  everywhere  and  formed  clinker  as  much  as  180  feet  thick  in  the  southern 
part  of  the  Prairie  Dog  Creek  Study  Area. 

The  Cook  Coalbed  is  2.6  to  8.6  feet  thick  and  lies  47  to  133  feet  above  the  Wall 
in  six  drill  holes,  but  is  entirely  missing  in  three  holes  which  should  have 
encountered  it.   Outcrop  measurements  range  from  2.1  to  3.4  feet.   Mapping  by 
Volz  indicates  that  the  Cook  is  concealed  or  missing  along  most  of  its  projected 
outcrop,  but  for  the  purpose  of  calculating,  an  outcrop,  or  a  limit  of  burned 
coal,  was  inferred  from  drill  hole  and  other  data  in  the  area. 

The  second  most  important  coalbed  in  the  Prairie  Dog  Creek  Study  Area  is  the 
Canyon.   It  lies  about  160  to  260  feet  above  the  Wall  Coalbed.   In  five  drill 
holes  that  encountered  the  Canyon,  it  varied  from  9.0  to  15.5  feet  thick,  being 
thickest  to  the  northwest.   On  the  outcrop,  it  is  as  thin  as  4.5  feet.   It  is 
overlain  by  not  more  than  400  feet  of  overburden. 

Although  several  minor  coalbeds  occur  within  the  Prairie  Dog  Creek  Study  Area 
and  will  undoubtedly  be  utilized  during  mining  operations  for  the  primary  beds, 
coal  resources  were  only  calculated  for  the  Wall,  Canyon,  and  Cook  Coalbeds. 
The  Wall  contains  360  million  short  tons  of  potentially  surf ace-minable  coal 
under  less  than  200  feet  of  overburden.   The  Canyon  and  Cook  Coalbeds  contain 
resources  of  35  million  short  tons  and  26  million  short  tons,  respectively, 
under  less  than  200  feet  of  overburden.   Additional  resources  from  the  three 
coalbeds  may  be  300  million  short  tons  if  500  feet  of  overburden  is  removed  from 
the  Wall  Coalbed. 

Analyses  of  samples  from  core  holes  indicate  that  the  apparent  rank  of  the  Wall 
Coalbed  is  subbituminous  B;  the  Canyon  and  Cook  Coalbeds,  subbituminous  C.  The 
three  coalbeds  are  well  below  the  national  average  in  ash  and  sulfur  content. 
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Figure    1 
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Figure  1  -  Composite  columnar  section  showing  relations  of  Wall  and  Canyon 
beds  to  other  coal  beds  in  the  Fort  Union  Formation.   Section 
above  Canyon  from  U.S.G.S.  Open-File  Report  81-1136. 


SOIL  AND  OVERBURDEN 
Principal  Soil  Bodies 


Soils  of  the  Prairie  Dog  Creek  Study  Area  can  be  grouped  into  two  major  categories 
based  on  their  parent  material,  mode  of  development,  and  landform  position 
These  are:   (1)  residual  soils  developing  from  sandstone,  siltstone   shale   or 
baked  rock  (clinker)  which  occupy  ridges,  tabular  divides,  and  moderate   ^ steep 
fans   foot T'     (2)  alluvial/coll-ial  soils  forming  in  mixed  deposits  on   ? 
fans,  footslopes,  terraces,  and  bottomlands.   The  residual  soils  occur  over 
approximately  85  percent  of  the  study  area;  the  alluvial/colluvial  soils 
comprise  the  remaining  15  percent.  uviai  soils 


Residual  Soils 


lhrLreS^TLSr0ilS    T"   T    *e    diSSeCted>    sedimentary   uplands    of    the   study 
tl^L  !   II  T   ffla1te"als    of    these    ^ils    are    interbedded    sandstone      siltstone 

Unio^Eo^matlo^    ""*   bel°n8ing    "    the   ™*»   U™   Member   of    the   Paieo^enf^t 

In   general      these   soils    are    shallow   (ridges,    tabular   divides,    moderate 

stiah   ir^H    typlcallJ.««-  or  moderately   coarse    textured,    nonsaUne   or 
n  eon  rasf    t„;   re'sidus,'    "^   1™  """^   °C   ■°"™'«ly    »P«    permeabilities. 

teXtUrLr:-dette-rrLs:;^yf:i--,f-a  r^  ?»%.-  «- 

r1^..^1^^/^^   h°rlZMS   "*   —«»*--    -,US   are 

liiifiaiP^iir 

shallow  upland  soils  overivi™  .hfl,.     ^        vegetative  types  occurring  on 
moderate  to  moderately  high  §      '  "  the  ^"^   h°Ui^   "*>**    ™ 

iLateTirq:Ltrity8uuf  co^rsnaiiorna\rs  irj'tiA: quauty- but 

X1^  ^es)"™1'  d-  t0  «">  —  --ocTou^oppJngrand8  Segeta^e 

The  Point  Site  soil  profile  describpH  ir>  toki.  q   a     j. 

soil  group.  aescribed  m  Table  3,  Appendix  C,  represents  this 

Alluvial/Colluvial  Soils 
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These  soils  are  generally  deep  over  stream-laid  deposits  or  slope  wash  derived 
locally  from  sandstone,  siltstone,  shale,  or  baked  rock  of  the  Tongue  River 
Member,  Fort  Union  Formation. 

Soil  textures  range  from  sandy  loam  to  clay  loam  depending  on  the  nature  and 
location  of  the  deposits.   The  A,  B,  and  upper  C  horizons  of  these  soils  are 
typically  medium  textured,  nonsaline,  nonsodic,  and  moderately  permeable.   The 
deeper  C  horizons  and  weathered  substratum  commonly  contain  moderate  to  high 
levels  of  soluble  salts  and,  locally,  moderate  to  high  levels  of  sodium. 

Native  vegetation  on  the  alluvial/colluvial  soils  is  composed  of  short  and  mid 
grasses,  numerous  f orbs ,  and  scattered  shrubs  and  trees  (Green  Ash,  Cottonwoods) 
along  Prairie  Dog  Creek  and  its  larger  tributaries. 

The  A,  B,  and  upper  C  horizons  of  these  soils  should  provide  about  36  to  48  inches 
of  good  quality  topsoil  for  revegetation.   The  deeper  C  horizons  and  substratum 
influenced  by  salinity  and/or  sodicity  will  require  special  placement  below  the 
plant  rooting  zone  in  reconstructed  profiles.   Stripping  operations  should  not 
be  difficult,  with  the  exception  of  some  tree  and  brush  clearing  along  Prairie 
Dog  Creek. 

Point  Site  soil  profiles  representing  the  alluvial/colluvial  soil  category  are 
described  in  Tables  4  through  10,  Appendix  C. 

Land  Suitability  Classification 

A  semidetailed  land  suitability  classification  of  the  Prairie  Dog  Creek  Study 
Area  was  made  to  evaluate  and  characterize  the  soil  and  overburden  to  10  feet  in 
depth  as  a  source  of  material  for  resurfacing  and  revegetating  the  area  if  it  is 
surface-mined.   This  classification  provides  data  on  the  quantity  and  quality  of 
material  for  revegetation,  ease  of  stripping  and  stockpiling  the  usable 
material,  and  other  factors  which  affect  the  land's  suitability  for  reclamation 
and  revegetation. 

Land  suitability  specifications,  shown  on  Table  11,  were  developed  to  establish 
classes  for  the  specific  use  proposed,  i.e.,  as  a  source  of  material  for  revegeta- 
tion of  surface-mined  lands.   Four  land  classes:   1,  2,  3,  and  6  were  developed. 
These  correspond  to  classes  used  in  the  Bureau  of  Reclamation  land  classifica- 
tion system. 

Factors  included  in  the  specifications  for  quality  consideration  were:   texture, 
salinity,  sodicity,  hydraulic  conductivity,  percent  stones  (>3  inches),  erodibi- 
lity,  and  available  water-holding  capacity.   Quantity  considerations  were  based 
primarily  on  the  depth  of  the  material.   Other  factors  influencing  the  ease  with 
which  suitable  material  could  be  selectively  stripped  and  stockpiled  were  also 
considered.   These  included  hard  bedrock  exposures  (outcrops)  and  steep,  rough, 
or  complex  slopes. 

Class  1  lands  provide  the  most  desirable  and  plentiful  source  of  material  for 
revegetation.   An  abundant  supply  of  highly  suitable  material,  which  is  easily 
stripped  and  stockpiled,  will  be  available  from  this  land  class.   In  addition 
to  having  an  adequate  amount  of  suitable  material  for  reclaiming  the  immediate 
area,  Class  1  lands  can  provide  borrow  material  for  topdressing  areas  with 
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LAND  SUITABILITY  SPECIFICATIONS  -  SURFACE  MINE  RECLAMATION 

Suitability  of  Soil/Overburden  for  Revegetation  of  Surface-Mined  Areas 

BLM/BR  Cooperative  Program  -  EMRIA 

Prairie  Dog  Creek  Study  Area 


United  States 
Dept.  of  Che 
Bureau  of  Reclamation 
June  1978 


Soil  and 
Overburden  Characteristics 


Symbol3 
Basic    Information 
Subclass      and 
Deficiencies 


SOILS  AND/OR  OVERBURDEN 
Textures 


Depth 

Sodicity 

Salinity  (  ECe  x  103) 

Available  Water  Holding  Capacity 
Hydraulic  Conductivity 


Cobbly,  Stony,  Flaggy,  or  Clinkers 
Weatherabilltv1^ 

Erodlbility 


Indurated  Surface  Sandstone 
or  Baked  Rock 


Pine  sandy  loams  to  day  loams 


1/  Applicable  only  to  overburden  material. 
2/  Not  applicable  to  overburden  material. 


>36"  of  soil/overburden  that 
is  suitable  for  plant  media. 


Sandy  loams  sufficiently  coarse 
to  slightly  reduce  producl  i 
moisture  retention  and  may  in-  ' 
crease  eroslveness  slightly. 


Profile  should  have  sufficient 
material  for  topdresslng,  clayey 
type  materials  that  are  slowly 
permeable  should  be  placed  below 
6"  in  the  recontructed  profile. 


>18"  of  soil/overburden  tha 
suitable  for  plant  media. 


SAR 


Loamy  sand  in  sufficient 
quantity  to  moderately 
reduce  productivity, 
moisture  retention,  and 
may  increase  eroslveness 
moderately. 

Profile  should  have 
sufficient  material  for 
topdresslng;  placement  of 
clay  in  reconstructed 
profile-permeable:   10" 
Plus;  slowly  permeable: 
30"  plus. 

>10"  of  soil/overburden 
that  is  suitable  for 
plant  media. 


to  exceed  9.0  in  fine  textured  materials  but  may  be  ?0  n  „)fk  , 
slightly  higher  if  compensated  by  adequate  resSua! gypsum         "      ^^^ 


Value 


Less  than  4. 


>1.5"/foot  of  soil. 

Adequate  to  provide  a  well  drained 
and  aerated  root  zone  and  an  infil- 
tration rate  adequate  to  prevent 
serious  erosion. 


Less  than  5%  by  volume. 

Will  break  down  readily  upon 
exposure  to  the  weather. 

Susceptible  to  slight  erosion. 


Less  than  8  but  should  have  10" 
of  material  of  less  than  4  for 
surface . 

>1  .O'Vfoot  of  soil. 

Slightly  restricted  which  may 
result  in  some  restriction  of 
drainage  and  aeration  in  the  root 
zone  and  a  reduced  infiltration 
rate. 


Less  than  10%  by  volume. 


Less  than  12  but  should 
have  10"  of  material  of 
less  than  4  for  surface. 

>0.75"/foot  of  soil. 

Restricted  to  the  ex- 
tent that  internal 
drainage  may  limit 
choice  of  vegeta- 
tion and  require  special 
practices  to  control 
erosion. 

Less  than  20%  by 

volume . 


May  require  short  period  to  break    May  require  ex- 
down  upon  exposure.  f.„jAj     .  , 

r  puoutc.  tended  period  to 

break  down. 
Susceptible  to  moderate  erosion.    Susceptible  to 

severe  erosion  but 
can  be  controlled 
with  proper  manage- 
ment and  selective 
placement. 


Permissible 
0-20%. 


rface  gradient 


Permissible  surface  gradient 
0-12%  with  smooth  slopes. 

None 

Not  applicable 


1  to  5%  of  area. 


Permissible  surface 
gradient  0-35%. 


5  to  20%  of 


"rtLf^^rial/^ror^^mS^tio^o'the^'lf16  ^T''  *"  '^"^   «*  "<><*-"-  « 
this  class:   (1)  insufficient  son  nr  „  a  followln«  deficiencies  may  result  in  the  use  of 

(2)  topography  which  prevents  H  opine",  d"    SUltable  ,u"lltsr  3t  °r  near  the  ■»*««! 
amounts  of  indurated  ^rf^rS^^^^TcIJ^"^^  fsfl^  ""„  ^ 
at  or  near  the  surface.   Reclamation  of  n**.   <.    i   i   7,,      material  (soil  or  overburden), 
materia!  be  borrowed  from  adjacen   lands   hat  have         "T"  th"    SUl"ble  pU"  «r°"h 
from  suitable  overburden  strata    In  cert  "   *  °f  8°°d  qUaUty  Pla""ng  media  or 

material  may  increase  its  revegetative  notent^rr'  treaCment  °r  "o^if ication  of  the  available 
levegecative  potential  to  an  acceptable  level. 


insufficient  suitable  material.   Class  2  lands  contain  an  adequate  supply  of 
resurfacing  material  to  revegetate  the  immediate  area;  howeveJ   this  Serial  1. 
slightly  less  desirable  in  quality  or  somewhat  more  d  ifficult  to  striD^nT 
stockpile  than  the  material  on  Class  1  lands.   Class  3  lands  are  similar  to 

Tficie  iTes^UtT   ^andln'tn^T  "!  ""  P'<~d  "   agnation 
tation  w  It      ex;sts'.Land  in  this  class  is  marginally  suitable  for  revege- 
tation  but,  through  utilization  of  good  stripping  and  stockpiling  procedure! 
the  requirements  for  planting  media  can  generally  be  met.   Class  *       ?  I 
adequate  quantities  of  suitable  material^  mee/the  Tee   s  Lr   eveg^f  ion   If 
these  lands  are  disturbed  by  surface  mining,  it  will  be  necessary  oL 
material  from  Class  1  or  2  lands  or  modify  the  material  availah^  f 
tion  through  leaching,  addition  of  chemical  amendment's!  etc!      *"  ^S^- 

Table  12  expands  the  preceding  summary  description  of  the  lanH  Maoo 
subclasses^  SigniflCant  «*•'««•«•««  <*  ?he  ^jlrt^elastr^d3^ 


mat  ion 


L^ot^n^'pr^eduLf^^fld'a011-"38  ^T^^  ^  **"*»   °f  ^™* 

scale  of  l-i   mo    1   \   TP"8  ^  d0ne  °n  3erial  Ph°tograPhs  with  a 

J   or  i.i^.UOO.   Topographic  drawings  at  a  scale  of  1-24  000  W1-  Th  9n  *   - 

contour  intervals  were  used  for  rpfWon™    a   au    ,  i*^»uuu  Wlth  20-foot 

«.u  to  ,PPleMt  theu;LdPe£oLtrr:r"Hrtox^Lhd"LS:!  -as  used  in  ">« 

Representative   (Point    Site)    soil   profiles    typical   of   extensive   areas   of   Class 
1,2      3,    and   6   lands   were   described,    sampled,    and   analyzed    in   detail 
Additional    profiles   were    recorded    ,„    m,.   i.  _  '  la   "etail. 

variations   within   the   aeUneaed   areas        £  J"?*""-™   soil   areas    to   show 

boundaries.  Between   soil    types    to   more   accurately   locate 

antlle   spade.  Thanfauger   orPhvdraniheS   °fthe   S011    Pr0f"eS   ""   «*••*   1th 
penetrate'   the   soil  overbn  den   to'™  ph   oTlTfe^t        1    ™\^\^*    « 
encountered.      Soil   structure      cl!^  ?  UnleSS   hard    °«>r°ck   was 

of    the   exposed    profUe   such   ;ssantvCe;„dC^'    '"V"1"   oh.erv.ble    features 
recorded        Mme'content   was   cheetah   ^^^.^0"^^,"^   "" 

-     S  fr  iTlyZl.ll  conduct^^T^:,   hETaLa""  * ^n-on^erourdr 
tion   to    the    reconstructed   profUe   was'f   ™*llable  «'"  h°ldlaS   capacity   in   rela- 
uation.      using   these   basic   evfw?  ^   conslderation    in    the   field   eval- 

features   such^s   expose ha" "be" IrocT ' slllT  InnY^ ^^   °f   °th"   la"d 
suitability   class   was    tent-aM^i  •        /    '  landscape   complexity,    a   land 

field.      The  bn, c  y  aSS1f"ed   eaCh   dellaaatod    area   while    in   the 

cation   -PS,SpUte\1\1^hCroaushS22:hInpefndixi?:d'    "™    """^   ™   la"d   o^1"" 

screaebnarble°rL:tsS  were   ~,C££T£n.Tjtb    ""?    ^    -"a«lity   classification  and 
hydraulic   conductivity     salinity     „  ",  ?T  .    ^    """    lnClUd6d   dista^od 

volume.      More   detailed   ™};«r«£\l„^;,,,,,,l"Ure   f"60"011'    and    »«llng 
C   describes    the   screenable   l^^lr^^ ^/^^ [at^^ ^  '   A— 
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Complete  analyses  were  performed  on  all  samples  from  Point  Site  profiles  repre- 
sentative of  the  major  land  class  categories.   The  analyses  listed  in  Exhibit  2, 
Appendix  C,  were  performed  as  needed  for  proper  soil  and  overburden  evaluation. 

Results  of  Land  Suitability  Classification 

The  results  of  the  land  suitability  classification  are  presented  on  seraidetailed 
drawings,  Plates  18  through  22,  Appendix  C,  which  show  the  areal  distribution  of 
the  various  land  classes,  soil/overburden  deficiencies,  topographic  deficien- 
cies, profile  notes  of  soil/overburden  borings,  and  the  results  of  selected 
laboratory  analyses.   This  information  is  also  summarized  on  Plates  23  through 
30,  Appendix  C. 

Plates  23  through  26,  Appendix  C,  describe  the  location  and  depth  of  topsoiling 
material  that  is  suitable  for  surface  placement  in  reconstructed  profiles. 
Plates  27  through  30,  Appendix  C,  indicate  the  location  and  quantity  of 
material  that  is  suitable  for  subsurface  replacement  below  the  primary  plant 
rooting  zone. 

Table  13  lists  the  acreage  of  each  land  class  occurring  in  the  study  area.   The 
results  in  this  table  indicate  that  36.4  percent  of  the  land  in  the  Prairie  Dog 
Creek  Study  Area  contains  an  adequate  or  surplus  supply  of  suitable  soil  or 
overburden  to  restore  the  disturbed  area  to  a  condition  capable  of  supporting 
the  present  land  uses.   This  includes  Class  1,  2,  and  3  lands.   The  remaining 
63.6  percent  of  the  study  area,  designated  as  Class  6,  consists  primarily  of 
steep,  dissected  uplands  dominated  by  shallow  soils.   Reclamation  of  these  lands 
to  their  present  topographic  condition  would  appear  impractical  and  uneconomic- 
al.  If  these  lands  are  disturbed  by  surface  mining,  the  reclaimed  landscape 
would  undoubtedly  be  restored  to  a  more  gently  rolling  condition.   Surplus  soil 
and/or  good  quality  overburden  could  be  borrowed  from  Class  1  or  2  lands  to  pro- 
vide a  deeper  root  zone  and  enhance  permanent  revegetation  on  these  lands. 

This  land  suitability  classification  provides  baseline  data  for  assessing  reclamation 
potential.   It  does  not,  however,  provide  adequate  detail  for  stripping  and 
stockpiling  procedures  during  the  surface  mining  operation.   Additional  field 
borings  and  observations,  supported  by  laboratory  data,  will  be  necessary  to 
more  accurately  determine  the  quantity,  quality,  and  location  of  available 
material  to  be  stripped  and  stockpiled  for  use  as  a  revegetative  medium. 

Soi 1  and  Overburden  Suitability  for  Revegetation 

Soil  Mantle  Suitability 

The  alluvial/colluvial  soils,  which  cover  about  15  percent  of  this  study  area, 
should  provide  about  36  to  48  inches  of  good  quality  topsoiling  material  for 
revegetation.   This  material,  consisting  of  the  A,  B,  and  upper  C  horizons  in 
most  of  these  soils,  is  typically  medium  textured,  nonsaline,  nonsodic,  and 
moderately  permeable.   Since  the  A  horizon  is  usually  only  2  to  6  inches  thick, 
selective  stripping  of  this  horizon  from  the  B  and  upper  C  horizons  appears 
impractical;  however,  mixing  of  these  horizons  should  not  appreciably  change  the 
overall  quality  of  the  material. 

The  lower  C  horizons  and  substratum  of  the  alluvial/colluvial  soils  are  commonly 
moderately  to  highly  saline  and,  locally,  moderately  to  highly  sodic.   These 
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Class 


•  .,  , 

i0*4       Land  In  this  class  has  an  average  mini- 
mum depth  of  36  Inches  of  good  or  high 
quality  soll/ovcrburden  that  is  suitable 
for  plant  media.   Usually  this  material 
is  dark  colored  soil  that  has  forme. I  I  i 
deep  alluvial,  colluvlal,  and  residual 
deposits.   Medium  texture  Is  most  com- 
mon. 

Soil  aggregates  have  moderate  to  good 
stability  and  water  enters  the  material 
readily.   Internal  permeability  Is 
moderate  and  adequate  moisture  Is 
retained  tor  plant  growth.   This  rate  of 
water  movement  provides  adequate  aera- 
tion of  the  plant  root  zone. 

Soil  and  overburden  material  In  this 
class  Is  nonsaline,  nonsodic,  and  free 
of  toxic  contaminants.   Below  18  inches 
the  raateriaj.  is  moderately  to  strongly 
calcareous. 


.i 

The  surface  relief  comprises  nearly 
level  to  gently  sloping  terraces,  fans, 
foot  slopes,  and  bottomlands.   Most  of' 
this  land  produces  hay  or  native  range, 
topographic  features  will  not  hinder 
stripping  and  stockpiling.   Selective 
stripping  can  be  accomplished  easily. 
Nat  Ive  mid  and  short  grasses  are  the 
most  common  range  species. 


Manage ,,  ,,,  . 

These  materials  will  be  slightly  suscep- 
tible to  wind  and  water  erosion,  but 
management  practices  such  as  vegetative 
mulch,  mechanical  roughing,  or  contour 
planting  should  be  adequate  control. 
For  maximum  use  of  soil  in  this  land 
class,  the  upper  6-24  Inches  of  surface 
material  should  be  stripped  and  stock- 
piled separately  from  the  subsoil  and 
substratum. 


These  lands  usually  have  surplus  high 
quality  soil/overburden  that  is  suitable 
for  topdressing  or  subsoil  placement. 
This  material,  when  borrowed,  will 
enhance  productivity  of  other  tracts. 

Land  in  this  class  has  an  average  mini- 
mum depth  of  18  inches  of  fair  and  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Usually  this  material 
is  largely  medium  and  moderately  coarse 
textured  soil  that  has  formed  in  deep 
colluvlal  and  alluvial  deposits  and  in 
moderately  deep  residual  material. 
Textures  range  from  sandy  loams  to  clay 
loams.   Good  quality  overburden  material 
may  be  considered  as  part  of  the  18-inch 
requirement.   Below  18  inches  the  over- 
burden is  usually  calcareous. 
Limitations  other  than  depth  include: 
clay  rich  layers,  reduced  moisture 
retention,  restricted  permeability,  and 
layers  that  are  saline  and/or  sodic. 

Soil  agregates  of  these  materials  have 
fair  to  good  stability  and  water  enters 
the  material  at  a  moderate  rate.   The 
internal  water  movement  is  adequate  to 
provide  aeration  of  the  primary  plant 
root  zone.   Also,  adequate  moisture  is 
retained  tor  plant  use.   The  material 
that  is  suitable  for  use  at  or  near  the 
surface  is  nonsaline  and  nonsodic  and 
there  is  no  indication  of  toxicity. 

Land  in  this  class  has  an  average  mini- 
mum depth  of  36  inches  of  good  and  high 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Usually  this  material 
is  dark  colored  soil  that  has  formed  in 
deep  alluvial,  colluvlal,  and  residual 
deposits.   Medium  texture  is  most  com- 
mon. 

Soil  aggregates  have  moderate  to  good 
stability  and  water  enters  the  material 
readily.   Internal  permeability  is 
moderate  and  adequate  moisture  is 
retained  for  plant  growth.   This  rate  of 
water  movement  provides  adequate  aera- 
tion of  the  plant  root  zone. 

Soil  and  overburden  material  in  this 
class  is  nonsaline,  nonsodic,  and  free 
of  toxic  contaminants.   Below  18  inches 
the  material  is  moderately  to  strongly 
calcareous. 


The  surface  relief  comprises  nearly 
level  to  rolling  foot  slopes,  side 
slopes,  swales,  and  undulating  uplands. 
Topographic  features  will  not  hinder 
stripping  and  stockpiling,  also,  selec- 
tive stripping  can  be  accomplished 
easily.   Native  mid  and  short  grasses 
are  the  most  common  range  species. 


The  surface  relief  comprises  strongly 
sloping  side  slopes.   Selective 
stripping  may  be  difficult. 


Selection  of  suitable  material  for  use 
at  or  near  the  surface  will  require  a 
review  of  the  field  data.   There  is  ade- 
quate topdressing  material,  but  care 
must  be  exercised  in  selecting  nonsaline 
permeable  material  for  the  subsoil  and 
substratum.   Selective  stripping  and 
stockpiling  to  isolate  subsurface 
material,  followed  by  selective  place- 
ment, is  necessary  for  the  best  use  of 
available  material  in  this  land  class. 

With  proper  selection  and  placement, 
reclamation  should  not  be  difficult,  and 
average  management  should  enhance  suc- 
cessful permanent  revegetation. 


These  soils  will  be  moderately  suscep- 
tible to  wind  and  water  erosion,  but 
managment  practices  such  as  vegetative 
mulch,  mechanical  roughing,  or  contour 
planting  should  be  adequate  control. 
For  maximum  use  of  soil  in  this  land 
class,  the  upper  6-24  inches  of  surface 
material  should  be  stripped  and  stock- 
piled separately  from  the  subsoil  and 
substratum. 


These  lands  usually  have  surplus  high 
quality  soil/overburden  that  is  suitable 
for  topdressing  or  subsoil  placement. 
This  material,  when  borrowed,  will 
enhance  productivity  of  other  tracts. 

The  general  description  of 
soil/overburden  characteristics  of  Class 
2s  applies  to  this  class.   The  most  com- 
mon limitations  are  quantity  of  usable 
material,  slow  permeability,  and 
moderate  salinity  and/or  sodicity. 


The  surface  relief  comprises  moderately 
sloping  to  rolling  foot  slopes  and 
smooth,  steep  side  slopes.   Selective 
stripping  may  be  difficult  and  some 
mixing  of  surface  and  subsoil  material 
will  occur. 


A  review  of  the  field  data  to  determine 
the  effect  of  unavoidable  mixing  of  sur- 
face and  subsurface  material  is  needed 
to  determine  best  stripping  depths. 
This  will  also  be  a  guide  for  placement 
in  a  reconstructed  profile.   The  last 
paragraph  describing  management  of  Class 
2s  lands  applies  to  this  class  also. 
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Soil/Overburden  Characteristics 

Land  in  this  class  has  an  average  mini- 
mum depth  of  10  inches  of  fair  to  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Usually  this  material 
is  largely  medium  to  moderately  fine 
textured  soil  that  has  formed  in  allu- 
vial, coluvial,  and  residual  deposits. 
The  principal  limiting  factor  is  the 
quantity  of  nonsaline  and  nonsodic 
material  for  use  at  or  near  the  surface. 
The  subsoil  and  substratum  often  contain 
moderate  to  high  amounts  of  sodium  and 
large  amounts  of  gypsum.   Laboratory 
tests  indicated  fair  to  poor  per- 
meability.  Land  in  this  class  retains  a 
large  quantity  of  water  for  plant  use. 
The  infiltration  rate  and  internal  water 
ent  are  moderately  slow. 


Land  Features 

The  surface  relief  comprises  nearly 
level  alluvial  terraces  and  adjacent 
foot  slopes.   Topographic  features  will 
not  hinder  stripping  and  stockpiling 
desirable  material  and  selective 
stripping  can  be  accomplished  easily. 
Native  mid  and  short  grasses  are  the 
most  common  range  species. 


Management  Requirements 

For  best  use  of  the  soil/overburden  in 
this  class,  the  surface  material  must  be 
stripped  and  stockpiled,  and  the  subsoil 
and  substratum  should  be  placed  with  the 
spoil  material.   Pitting  or  gouging 
basins  will  retard  erosion  and  help  pro- 
mote leaching  of  soluble  salts  below  the 
primary  root  zone.   Mulches  can  also  be 
used  to  reduce  erosion.   These  measures 
can  increase  the  effective  leaching  of 
soluble  salts  and  increase  production 
capability.   Successful  permanent  reveg- 
etation  can  be  accomplished,  but  above 
average  planning  and  management  will  be 
required . 


Land  in  this  class  has  an  average  of  36 
inches  of  good  and  high  quality 
soil/overburden  that  is  suitable  for 
plant  media.   Usually  this  material  is 
dark  colored  soil  that  has  formed  in 
deep  alluvial,  colluvial,  and  residual 
material.   Medium  textures  are  most  corn- 


Surface  material  in  this  class  in  non- 
saline,  nonsodic,  and  moderately  high  in 
organic  matter.   There  is  no  indication 
of  toxic  contaminants.   The  subsurface 
material  below  18  inches  is  moderately 
to  strongly  calcareous.   Soil  aggregates 
of  these  soils  have  moderate  to  good 
stability,  allowing  water  to  enter  the 
surface  layers  readily.   Internal  per- 
meability is  moderate  to  moderately  slow 
and  adequate  moisture  is  retained  for 
plant  growth.   The  rate  of  water  move- 
ment provides  adequate  aeration  of  the 
plant  root  zone. 


The  surface  relief  comprises  moderately 
steep,  complex  side  slopes  and  crests. 
Selective  stripping  will  be  difficult. 


These  soils  will  be  moderately  suscep- 
tible to  wind  and  water  erosion,  but 
management  practices  such  as  vegetative 
mulching,  mechanical  roughing,  or  con- 
tour planting  should  provide  adequate 
control.   For  maximum  use  of  soil  in 
this  land  class,  the  upper  6-24  inches 
of  surface  material  should  be  stripped 
and  stockpiled  separately  from  the  sub- 
soil and  substratum. 


These  lands  are  a  good  source  of  quality 
soil/overburden  that  is  suitable  for 
topdressing  or  subsurface  placement. 
This  material,  when  borrowed,  will 
enhance  the  productivity  of  other  tracts. 

Land  in  this  class  has  an  average  mini- 
mum depth  of  10  incheB  of  fair  to  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Usually  this  material 
consists  of  moderately  coarse  or  moder- 
ately fine  textured  residual  soil  or 
weathered  shale  or  sandstone  parent 
material.   The  major  limitation  Is  quan- 
tity of  nonsaline  and  nonsodic  material. 
There  is  adequate  suitable  material  for 
revegetation  for  rangeland.   Extensive 
borrowing  of  material  would  be  required 
for  profiles  suitable  for  dryland 
farming. 

Locally,  the  overburden  material  is  per- 
meable and  the  soluble  salts  can  be 
leached.   Some  clay-rich  and  sodium 
affected  layers  will  most  likely  be 
included  in  the  stockpiled  material,  but 
this  should  be  held  to  a  minimum. 


The  surface  relief  of  land  In  this  class 
Is  characterized  by  strongly  sloping 
foot  slopes,  moderately  steep  side  slopes, 
and  crests  in  hilly  upland  areas. 
Moderately  steep  slopes  will  make  select- 
ive stripping  difficult.   Native  mid 
and  short  grasses  are  the  dominant  species 
This  land  is  used  for  range. 


Selective  stripping  with  emphasis  on 
stripping  small  tracts  of  deep  soil 
separately  should  be  considered.   In 
addition  to  a  review  of  the  data,  a 
field  check  to  locate  these  tracts  Is 
advisable.   Similar  surface  treatment  of 
reconstructed  profiles  as  described  in 
3s  should  be  followed. 


Land  In  this  class  has  less  than  10 
Inches  average  depth  of  fair  and  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   These  materials  are 
typically  sandy  or  clay-rich  below  the 
surface  layer  and  often  highly  saline 
and/or  sodium  affected.   One  or  a  com- 
bination of  the  above  factors  make  these 
materials  unsuitable  for  plant  media. 
Some  small  tracts  with  good  quality 
soil/overburden  occur  in  this  class  as 
inclusions- 


The  surface  relief  in  this  class  com- 
prises nearly  level  to  very  gently 
sloping  old  alluvial  terraces  and  resid- 
ual foot  slopes  and  benches.   Topograph- 
ic features  will  not  hinder  selective 
stripping  and  stockpiling.   Native  mid 
and  short  grasses  are  the  dominant  range 
species . 


A  careful  review  of  the  data  and  field 
checking  to  locate  the  small  inclusions 
of  better  soil/overburden  is  warrented. 
This,  combined  with  selective  stripping, 
can  do  much  to  reduce  the  amount  of 
revegetation  material  that  must  be 
borrowed  or  modified.   Temporary  irriga- 
tion, pitting,  and  gouging  basins  to 
increase  leaching  may  adequately  modify 
some  material.   However,  borrowing  from 
nearby  deep,  good  quality  lands  will 
probably  be  the  most  economical  method 
of  permanent  revegetation. 
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Class 
Subclass 


X   of  Area    Soil/Overburden  Characteristics 

0,2       L3"'1  iss  lias  an  average  mini- 

mum depth  of  36  Inches  of  good  and  high 
quality  soil/overburden  that  Is  suitable 
for  plant  media.   Soils  In  this 
have  formed  In  deep  alluvial,  collu 
or  residual  material.   They  are  usually 
dark  colored  and  moderately  high  In 
organic  matter.   Textures  are  commonly 
medium  and  moderately  fine. 

These  materials  are  nonsaline,  nonsodlc, 
and  moderately  to  strongly  calcareous 
below  a  depth  of  18  Inches.   Aggregate 
stability  Is  moderate  to  good  In  these 
materials,  and  water  readily  infiltrates 
the  surface.   Internal  permeability  is 
moderate  to  moderately  slow,  and  ade- 
quate moisture  Is  retained  for  plant 
growth.   The  rate  of  water  movement  pro- 
vides adequate  aeration  of  the  plant  zone. 

Where  accessible,  the  soils/overburden 
from  this  land  class  will  provide  good 
quality  material  suitable  for 
topdresslng  or  subsurface  placement. 

62.0       Land  In  this  class  has  less  than  10 

Inches  average  depth  of  fair  and  good 
quality  soil/overburden  that  Is  suitable 
for  plant  media.   Soil  materials  are 
typically  shallow  over  weathered  shale. 
Sandstone  and  shale  outcrops  are  common. 

The  underlying  overburden  Is  highly 
variable  In  physical  and  chemical  prop- 
erties.  It  may  be  highly  saline,  highly 
sodlc,  slowly  permeable,  or  fine  tex- 
tured (clay-rich).   These  limitations 
occur  singly  or  in  combination  In  most 
areas  delineated  as  Class  6st.   Small 
inclusions  of  deeper  soils  and  perme- 
able, nonsaline,  and  nonsodlc  overburden 
material  are  common  within  these  deline- 
ated areas. 


Land  Features 

The  surface  relief  comprises  areas  of 
complex,  narrow  bottom  lands  and 
dissected  upland  areas  with  steep  side 
slopes  below  ridge  cresLs.   The  dendri- 
tic drainage  pattern  creates  complex 
slopes  that  prevent  uniform  selective 
stripping. 

Active  erosion  may  expose  sandstone, 
shale,  or  baked  rock  In  up  to  25  percent 
of  any  designated  area. 

Ponderosa  pine/Little  bluestem  dominate 
upland  sandy  sites;  Big  sagebrush/forbs 
occur  on  shallow  upland  sites  overlying 
shale;  deciduous  trees/brush  are  common 
in  narrow  drainage  bottoms.  This  land 
class  is  used  for  range. 


The  surface  relief  in  this  class  com- 
prises steep  side  slopes  below  ridge 
crests. 

Active  erosion  may  expose  sandstone  or 
shale  in  up  to  25  percent  of  any  tract 
designated  as  Class  6st.  The  dendritic 
drainage  pattern  creates  complex  slopes 
that  prevent  uniform  selective  stripping. 

Ponderosa  plne/Llttle  bluestem  dominate 
upland  sandy  sites;  Big  sagebrush/forbs 
occur  on  shallow  upland  sites  overlying 
shale;  deciduous  trees/brush  are  common 
In  narrow  drainage  bottoms.  This  land 
class  is  used  for  range. 


Management  Requirements 

These  soils  will  be  highly  susceptible 
to  wind  and  water  erosion.   Management 
practices  such  as  vegetative  mulching, 
mechanical  roughing,  or  contour  planting 
will  help  retard  soil  erosion. 

For  maximum  use  of  soil  In  this  land 
class,  the  upper  6-24  Inches  of  surface 
material  should  be  stripped  and  stock- 
piled separately  from  the  subsoil  and 
substratum. 


Tracts  with  deeper  soils  and  suitable 
overburden  material,  though  small, 
should  be  selectively  stripped. 

Mechanical  roughing  of  the  surface  will 
Increase  infiltration  and  enhance 
leaching  of  soluble  salts.   Vegetative 
mulching,  contour  planting,  and  the  use 
of  stabilizing  structures  will  aid  In 
reducing  erosion. 

Borrow  material  will  be  required  for 
successful  permanent  revegetatlon. 
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unfavorable  properties  will  restrict  the  use  of  these  materials  to  subsurface 
placement  at  least  3  to  4  feet  below  the  surface  in  reconstructed  profiles. 

Since  the  alluvial/colluvial  soils  occupy  gently  to  moderately  sloping  fans, 
footslopes,  terraces,  and  bottomlands,  stripping  operations  appear  favorable, 
with  the  exception  of  some  tree  and  brush  clearing  along  Prairie  Dog  Creek,  and 
some  of  its  tributaries. 

The  residual  soils,  though  they  occur  on  about  85  percent  of  the  study  area, 
represent  a  limited  source  of  revegetative  material  due  to  their  shallow  nature 
and  the  semibadlands-type  terrain  they  occupy. 

The  residual  soils  developing  from  sandstone  could  provide  6  to  18  inches  of 
topsoiling  material  (combined  A  and  B  horizons).   However,  steep  slopes,  num- 
erous bedrock  outcroppings ,  and  tree  cover  will  severely  limit  stripping  opera- 
tions.  The  C  horizons  and  weathered  substratum  of  these  soils  are  suitable  only 
for  subsurface  replacement  due  to  coarse  texture,  low  moisture  holding  capacity, 
and  susceptibility  to  erosion. 

Many  of  the  shallow  soils  developing  from  shale  have  A-C  profiles.   The  A  horizon 
(2  to  4  inches  thick)  is  usually  moderately  fine  textured,  nonsaline,  nonsodic, 
and  slowly  permeable.   This  material,  though  favorable  for  surface  replacement, 
may  be  difficult  to  strip  due  to  topographic  limitations  (steep  slopes, 
outcrops) .   The  C  horizons  and  substratum  are  typically  fine  textured  and 
moderately  to  strongly  saline.   Locally,  they  are  also  sodic   As  such,  this 
material  is  undesirable  as  a  revegetative  medium;  therefore,  replacement  should 
be  at  least  3  to  4  feet  below  the  surface. 

Plates  23  through  30,  Appendix  C,  are  maps  showing  the  location  and  quantity  of 
topsoil  and  subsurface  material  in  the  Prairie  Dog  Creek  Study  Area.   This 
information  was  projected  from  the  land  classification  maps,  Plates  18  through 
22,  Appendix  C. 

Overburden  Suitability 

Overburden  samples  from  Bureau  of  Reclamation  drill  holes  78-101  through  78-105 
and  79-106  through  79-112  were  evaluated  as  to  their  suitability  for  use  as  a 
supplemental  plant  medium  for  revegetation  (see  Plates  6  through  17,  Append!*  B) . 

Complete  laboratory  analyses,  including  selected  trace  element  determinations 
(total  ppm) ,  were  performed  on  the  samples  by  the  Bureau  of  Reclamation  Regional 
Soil  and  Water  Laboratory  in  Bismarck,  North  Dakota. 

The  suitability  criteria  listed  in  Table  14,  Appendix  C,  were  applied  to  the 
laboratory  data  (Tables  15  through  26,  Appendix  C)  in  order  to  place  the  over- 
burden materials  into  one  of  three  categories:   Suitable,  Limited  Suitability, 
or  Unsuitable. 

Table  27,  Appendix  C,  presents  the  results  of  the  overburden  suitability  eval- 
uation.  Overall,  17  percent  of  the  overburden  materials  overlying  the  Wall 
Coalbed  in  this  study  area  were  determined  to  be  suitable  for  use  as  a  supple- 
mental plant  medium;  36  percent  were  of  limited  suitability,  and  47  percent  were 
unsuitable. 
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The  major  factors  causing  the  overburden  materials  to  be  placed  in  the  limited 
suitability  or  unsuitable  categories  included  moderate  to  high  salinity  and/or 
sodicity,  and  high  percentages  of  clay  or  coarse  sands.   No  trace  element  toxi- 
cities existed. 

The  samples  that  were  rated  suitable  consisted  primarily  of  fine-grained 
sandstones  and  silty  or  sandy  shales  which  were  medium  textured,  nonsaline,  non- 
sodic,  and  moderately  permeable.   These  materials,  if  selectively  stripped  and 
stockpiled,  could  provide  an  abundant  source  of  good  quality  plant  growth 
material  to  supplement  available  topsoil  and  subsoil. 

This  suitability  evaluation  provides  a  general  overview  of  overburden  suitability 
for  revegetation  in  the  Prairie  Dog  Creek  Study  Area.   It  should  be  recognized, 
however,  that  this  evaluation  was  made  on  a  site  -  specific  basis;  therefore, 
the  results  apply  only  to  the  specific  location  where  each  hole  was  drilled.   No 
attempt  should  be  made  to  project  the  results  between  the  holes  or  over  the 
entire  study  area  as  wide  variations  in  overburden  type  and  quality  would 
preclude  the  accuracy  of  these  projections. 
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GREENHOUSE  EVALUATION  OF  SOIL  AND  OVERBURDEN  MATERIALS 

Introduct ion 

This  section  presents  the  results  of  greenhouse  investigations  performed  on 
representative  soil  and  overburden  samples  obtained  from  the  Prairie  Dog  Creek 
Study  Area  in  southeastern  Montana.   This  study  was  conducted  by  the  Colorado 
State  University  Department  of  Agronomy,  Fort  Collins,  Colorado,  under  Bureau  of 
Reclamation  Contract  No.  6-07-DR-50130  and  Amendatory  Agreement  No.  1  to  that 
contract . 

Greenhouse  Procedures 

Sample  Preparation 

Sixty-nine  soil  and  overburden  samples  received  from  the  Bureau  of  Reclamation 
were  ground  to  approximately  2  millimeter  size  for  greenhouse  and  additional 
chemical  analyses.   One  kilogram  of  soil  or  overburden  material  was  used  per  pot 
and  each  pot  was  replicated.   Each  sample  was  placed  in  a  plastic  bag  in  a  round 
container  and  assigned  a  greenhouse  identification  number.   Sample  numbers  T-253 
through  T-293  were  obtained  from  the  USBR  Point  Site  soil  profiles  described  in 
Tables  3  through  10,  Appendix  C.   Representative  overburden  samples  were 
obtained  from  4  USBR  drill  holes:   79-107,  79-108,  79-110,  and  79-111  (see 
Plates  12,  13,  15,  and  16,  Appendix  B) . 

Fertilizer  Treatment 

Before  planting,  fertilizer  was  applied  at  a  rate  of  150  ppm  N  as  reagent  grade 
NH4NO3;  80  ppm  P  as  a  combination  of  KH2PO4  and  CaH4(P04>2H20  and  80  ppm  K  as 
KH2PO4.   This  was  done  along  with  preplant  watering. 

Before  the  fertilizer  was  added,  50-100  g  of  soil  were  removed  from  each  pot, 
after  which  the  fertilizer  and  water  were  put  on.   Additional  N  was  applied  at 
50  ppm  rate  21  days  after  seed  emergence. 

Planting 

The  pots  were  planted  with  75  seeds  of  western  wheatgrass  (Agropyron  smithii 
var.  arriba) .   This  species  was  chosen  since  it  is  a  common  native  constituent 
of  the  mixed  prairie  in  the  Great  Plains  and  will  probably  be  an  integral  part 
of  many  revegetation  programs.   The  seeds  were  evenly  distributed  in  the  pots 
and  covered  with  the  soil  that  was  removed  before  fertilization. 

The  pots  were  covered  with  plastic  to  reduce  evaporation  and  were  checked  daily 
to  assure  that  the  soil  remained  moist. 

Soil  and  overburden  materials  were  received  from  the  Bureau  of  Reclamation  in 
two  shipments,  fall  1979  and  spring  1980.   Overburden  samples  from  drill  hole 
79-108  were  planted  in  the  fall  of  1979.   The  entire  set  of  soil  samples  and 
overburden  samples  from  drill  holes  79-107,  79-110,  and  79-111  were  planted  in 
the  spring  of  1980. 
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After  planting  in  the  fall  of  1979,  unseasonably  hot  weather  was  experienced 
with  temperatures  in  the  greenhouse  well  over  100°F.   This  seemed  to  deter  ger- 
mination almost  100  percent.   After  20  days  with  little  to  no  germination,  we 
replanted,  placing  60  seeds  on  top  of  the  soil  and  covering  with  vermiculite. 
This  new  planting  was  successful. 

Soil  samples  and  overburden  materials  from  drill  holes  79-107,  79-110,  and  79-111 
were  planted  May  23,  1980.   June  and  July  temperatures  in  the  greenhouse  ranged 
from  95° F  to  105°F.   This  fact  seemed  to  reduce  germination  and  yields  of  the 
wheatgrass  in  some  pots. 

Daily  Management 

All  pots  were  weighed  every  other  day  and  brought  to  field  capacity  with 
distilled  water.   The  greenhouse  lights  were  set  to  allow  15  to  16  hours  of 
daylight. 

Pots  were  rotated  on  a  regular  basis  to  allow  for  changes  in  temperature  and 
lighting  within  the  greenhouse.   All  pots  were  randomly  arranged  on  the  table. 

Seven  days  after  germination,  the  plants  were  infected  with  a  fungus  with  some 
kill-back  on  a  few  pots.  Treatment  consisted  of  burning  sulfur  at  night  for  a 
two-week  period.   This  treatment  was  successful. 

Harvest 

Generally,  we  harvest  approximately  48  days  after  planting,  but  due  to  ger- 
mination and  fungus  problems,  combined  with  a  week  of  cloudy  weather,  we  allowed 
the  fall  1979  plants  to  go  57  days  before  harvesting.   The  spring  1980  plants 
grew  for  a  total  of  41  days.   This  was  a  shorter  period  than  normal  due  to  the 
excessive  greenhouse  temperatures. 

Laboratory  Procedures 

The  following  laboratory  methods  were  used  to  analyze  the  soil  and  overburden 
materials  for  these  properties  selected  as  a  basis  for  determining  plant  growth 
suitability. 

Extractable  Phosphorus 

Determined  on  a  spectrophotometer  from  a  sodium  bicarbonate  extract.   The  values 
are  reported  in  parts  per  million  P  and  are  an  index  of  available  P. 

Exchangeable  Potassium 

Determined  on  the  atomic  absorption  spectrophotometer  from  an  ammonium  acetate 
extract.   The  values  are  reported  as  parts  per  million  K. 

Organic  Matter 

Determined  by  wet  oxidation  with  spontaneous  heat  of  reaction.   The  results  are 
determined  colorimetrically  and  reported  as  percent  organic  matter  (%0.M.). 


20 


Plant  -  Available  Zinc,  Iron,  Manganese,  and  Copper 

Determined  on  the  atomic  absorption  spectrophotometer  from  an  extracting  solu- 
tion of  diethylenetriamine  pentaacetic  acid  (DTPA) .   The  results  are  reported  in 
parts  per  million  of  plant-available  Zn,  Fe,  Mn,  and  Cu. 

Salinity  (Electrical  Conductivity) 

Determined  by  a  solu-bridge  from  a  saturation  extract.   The  results  are  reported 
as  electrical  conductivity  in  millimhos  per  centimeter  (mmhos/cm). 

Exchangeable  Sodium  Percentage  (ESP) 

Determined  with  atomic  absorption  spectrophotometer  and  calculated  by: 

ESP  _  Exchangeable  sodium  (meq/100  g)  x  1Qq 

CEC 

Cation  Exchange  Capacity  (CEC) 
Determined  by: 

CEC  (meq/100  g)  =  Extractable  Na  (meq/1  x  10) 

wTT  of~  sample  in  g 

pH 

Determined  with  a  combination  electrode  pH  meter  on  a  saturated  soil  paste. 

Plant  Analysis 

Plants  were  digested  with  perchloric  acid  and  determinations  run  on  the  atomic 
absorption  spectrophotometer. 

Criteria  for  Evaluation 

The  chemical  and  physical  parameters  used  for  making  suitability  interpretations 
for  the  soil  and  overburden  materials  are  shown  in  Table  28. 

Planj_Growth  Suitability  Evaluati on  Based 
on  Laboratory  Characterizat ion 

This  portion  of  the  evaluation  and  characterization  study  involved  two  steps. 
An  initial  evaluation  was  performed  to  identify  the  chemical  and/or  physical 
problems  associated  with  the  materials  that  influence  plant  growth.   This 
resulted  in  the  development  of  "Problem  Identification  Categories."   Secondly, 
the  "Problem  Identification  Categories"  were  further  grouped  into  what  are 
described  as  "Problem  Area  Groups."  The  purpose  of  this  latter  grouping  was  to 
aggregate  "Problem  Identification  Categories"  such  as  fertility,  salinity,  pH, 
texture,  etc.,  into  more  meaningful  and  manageable  groups  for  evaluating  the 
magnitude  of  potential  long-term  management  and  environmental  concerns.   The 
following  is  a  description  of  the  evaluation  process  used  for  interpreting  plant 
growth  suitability  on  the  basis  of  laboratory  characterization  data. 
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Soil  Materials 

Developrae nt  of  Problem  Identification  Categories 

Basic  to  determining  plant  growth  suitability  is  the  identification  of  the  spe- 
cific kinds  of  problems  that  affect  the  use  of  a  material  for  this  purpose.   The 
properties  considered  and  criteria  used  for  interpretation  in  this  part  of  the 
study  are  shown  in  Table  28.   The  chemical  and  physical  data  used  for  this  eval- 
uation are  shown  in  Table  29,  Appendix  D.   This  step  in  the  evaluation  process 
resulted  in  the  identification  of  21  "Problem  Identification  Categories"  which  are 
described  in  Table  30,  Appendix  D. 

A  study  of  these  categories  indicates  that  the  following  specific  kinds  of  limi- 
tations exist  in  terms  of  the  suitability  of  the  soil  materials  for  plant  growth 
media. 

1.  Phosphorous  and/or  potassium  deficiencies  are  common  to  nearly  all  soil 
materials . 

2.  Potential  micronutrient  deficiencies  are  common,  with  Zn  and  Cu  being 
the  most  common.   It  is  important  to  point  out  that  the  criteria  used 
for  evaluating  micronutrient  deficiencies  are  based  on  deficiencies 
observed  on  agronomic  crops  sensitive  to  these  elements.   Thus  the  micro- 
nutrient deficiencies  must  be  considered  somewhat  arbitrary.   In  research 
being  conducted  on  similar  -materials  from  McCallum,  Colorado,  Zn 
deficienies  have  been  observed  in  western  wheatgrass  at  plant-available 
Zn  levels  of  less  than  or  equal  to  0.29  ppm. 

3.  Texture  has  been  identified  as  being  a  potential  concern  on  a  large 
number  of  samples.   High  runoff  potential  and  erosion  due  to  the  slow 
infiltration  rates  of  the  fine  textured  materials  would  be  the  major 
problem.   High  runoff  and  erosion  potential  is  a  concern  from  both  an 
environmental  quality  as  well  as  a  plant  growth  perspective. 

4.  Salinity  problems  are  common  to  many  of  the  soil  materials.   Reduced 
plant  growth  and  soil  and  water  quality  may  be  expected  depending  upon 
the  severity  of  the  problem. 

Development  and  Description  of  Soil  "Problem  Area  Groups" 

The  development  of  "Problem  Identification  Categories"  was  the  first  step  in  the 
evaluation  of  materials  for  plant  growth  media.   Recognizing  that  some  of  these 
categories  could  be  grouped  on  the  basis  of  problem  areas,  i.e.,  fertility,  tex- 
ture, etc.,  we  further  grouped  the  categories  into  "Problem  Area  Groups."   This 
grouping  better  identifies  the  magnitude  of  the  kinds  and  combinations  of 
problems  and  are  more  meaningful  from  a  management  decision  point  of  view. 

Descriptions  of  "Problem  Area  Groups"  and  the  basis  used  for  determining  rela- 
tive suitability  ratings  are  shown  in  Table  31,  Appendix  D. 

A  summary  of  relative  suitability  ratings  by  "Problem  Area  Groups"  is  shown  in 
Table  32,  Appendix  D. 
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Table  28 
Sheet  1  of  3 


Suitability  Evaluation  Criteria 
Texture1' 


Texture  Class 

very 

fine  sandy  loam 

(vfsl) 

fine 

sandy 

loam 

(fsl) 

sandy 

loam 

(si) 

loara 

(1) 

silt 

loam 

(sil) 

loamy 

fine 

sand 

(lfs) 

loamy 

sand 

(Is) 

clay 

loam 

(cl) 

sandy 

clay 

loam 

(scl) 

silty 

clay 

loam 

( sicl) 

sand 

(s) 

clay 

(c) 

sandy 

clay 

(  sc) 

silty 

clay 

(sic) 

Rating 
good 
good 
good 
good 
good 

fair 
fair 
fair 
fair 
fair 

poor 
poor 
poor 
poor 


pH 


pH 

6.0-8.4 

5.0-6.0:8.4-8.9 
<5.0:  >8.9 


good 
fair 
poor 


1/  Criteria  are  based  on  guidelines  developed 
by  the  Western  Regional  Soil  Work  Planning 
Committee  on  "Guidelines  for  Evaluating 
Soil  and  Overburden  Characteristics  in 
Strip-mine  Reclamation." 
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Suitability  Evaluation  Criteria 
Available  Zinc^' 


Soil  Test  -  ppm  Zn 
0-0.5 
>0.5 

Soil  Test  -  ppm  Fe 
0-2.0 
>2.0 


Available  Iron2/ 


Availability  Status 
potentially  deficient 
adequate 

Availabil ity  Status 
potentially  deficient 
adequate 


Available  Copper  and  Manganese^' 


Soil  Test  -  ppm  Cu  or  Mn 
0-0.5 
>0.5 


Exchangeable  Sodium  Percent 
0-10 
10-15 
>15 


Sodium 


2/ 


Availability  Status 
potentially  deficient 
adequate 

Rating 
acceptable 
marginal 
non-acceptable 


Soil  Test  -  ppm  P 
0-7 
>7 

Soil  Test  -  ppm  _K 
0-60 
>60 


Availab le  Phosphorus*^/ 

Soil  Phosphorus  Fertility  Status 
deficient 
adequate 
Available  Potassium^/ 

Soil  Potassium  Fertility  Status 
deficient 
adequate 


2/  Criteria  are  based  on  current  Colorado  State  University  Soil 
Testing  Laboratory  soil  interpretation  guidelines. 
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SuitabiLity  Evaluation  Criteria 
Salinity 3/ 

Soil  Test  -  mmhos/cm  Rating 

0-4  acceptable 

4-tf  marginal 

8-12  poor 

12  unsuitable 


Percent  Organic  Matter 

Organic  matter  (organic  carbon  data)  was  not  used  for  evaluating  the  nitrogen 
supplying  ability  of  the  overburden  materials  because  of  lack  of  data  concerning 
the  type  of  organic  materials  present.   We  are  quite  certain  that  the  nature  of 
organic  materials  found  in  the  overburden  materials  is  quite  different  from  that 
found  in  surface  soils,  thus  any  attempt  to  evaluate  the  relationship  between 
organic  carbon  and  nitrogen  as  related  to  plant  growth  would  be  meaningless.   As 
a  result,  only  NO3-N  was  used  as  an  indicator  of  nitrogen  status. 


3/  Criteria  are  based  on  USDI  -  Bureau  of  Reclamation  Land  Suitability 
Classification  evaluation  procedures. 


Overburden  Materials 
Development  of  Problem  Identification  Categories 

The  properties  considered  and  the  criteria  used  for  developing  "Problem 
Identification  Categories"  for  overburden  materials  are  shown  in  Table  28.   The 
chemical  and  physical  data  used  for  this  evaluation  are  shown  in  Table  33, 
Appendix  D.   This  step  in  the  evaluation  process  resulted  in  the  Identification 
of  16  "Problem  Identification  Categories"  which  are  described  in  Table  34, 
Appendix  D. 

A  review  of  these  categories  indicates  that  the  following  specific  kinds  of 
limitations  exist  in  terras  of  the  materials  suitability  as  plant  growth  media. 

1.  Potential  phosphorus  and/or  potassium  deficiencies  occur  in  a  large 
number  of  samples  from  drill  holes  79-107,  79-110,  and  79-111. 

2.  Texture  has  been  identified  as  being  a  potential  concern  with  a  large 
number  of  samples.   High  runoff  potential  and  erosion  due  to  the  slow 
infiltration  rates  of  the  fine  textured  materials  could  be  the  major 
problems  associated  with  using  these  materials  as  plant  growth  media. 

3.  Sodium  problems  are  common  to  many  materials.   This  factor  causes  a 
deterioration  in  the  physical  condition  of  the  materials. 

4.  Salinity  problems  are  associated  with  many  materials  throughout  all 
drill  holes  and  should  be  considered  from  a  plant  growth  and  environment- 
al quality  point  of  view. 

5.  pH  problems  -  moderate  to  high  pH  exists  in  a  large  number  of  samples. 
This  alone  is  not  an  indicator  of  suitability,  but  does  indicate  a 
potential  sodium  problem  associated  with  the  materials. 

In  summary,  potential  deficiencies  of  phosphorous  and/or  potassium,  texture, 
high  levels  of  sodium,  and  high  salinity  appear  to  be  the  kinds  of  specific 
problems  associated  with  these  materials  in  terms  of  plant  growth  suitability. 

Development  and  Description  of  "Problem  Area  Groups"  for  Overburden  Materials 

The  development  of  "Problem  Area  Categories"  was  the  first  step  in  evaluation  of 
the  overburden  materials  for  plant  growth  media.   Recognizing  that  some  of  these 
categories  could  be  grouped  on  the  basis  of  problem  areas,  i.e.,  fertility,  tex- 
ture, etc.,  we  further  grouped  the  categories  into  "Problem  Area  Groups."   This 
grouping  better  identifies  the  magnitude  of  the  kinds  and  combinations  of 
problems  and  are  meaningful  from  a  management  decision  point  of  view. 

Descriptions  of  "Problem  Area  Groups"  and  the  basis  used  for  determining  rela- 
tive suitability  ratings  are  shown  in  Table  35,  Appendix  D. 

A  summary  of  relative  suitability  ratings  for  the  overburden  materials  by 
"Problem  Area  Group"  are  given  in  Table  36,  Appendix  D. 
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Greenhouse  Yield  Data 

Greenhouse  growth  studies  were  carried  out  to  aid  in  the  evaluation  of  materials 
as  a  plant  growth  medium  and  to  verify  any  performance  and/or  plant  growth 
characteristics  predicted  from  the  laboratory  characterization  data.   A  major 
limitation  exists  in  terms  of  correlating  plant  growth  with  chemical  data  due  to 
the  fact  that  two  separate  greenhouse  studies  were  performed.   These  studies 
were  conducted  at  different  times  of  the  year  with  the  Spring  1980  planting 
having  less  favorable  conditions  for  plant  growth.   Yield  results  are  shown  in 
Tables  29  and  33,  Appendix  D. 

Plant  Analysis 

The  data  shown  in  Table  37,  Appendix  D,  represent  plant  tissue  analysis  for 
selected  elements  of  selected  samples.   Due  to  the  lack,  of  resources  (funding) 
we  were  able  to  perform  only  a  few  of  these  analyses.   Samples  were  selected  on 
the  basis  of  being  generally  representative  of  materials  from  the  site.   The 
analyses  indicate  no  apparent  problem.   Some  caution  should  be  exercised  in 
extrapolating  the  data  to  the  site  as  a  whole,  even  though  the  samples  were 
selected  to  represent  the  array  of  materials  present. 

Greenhouse  Results 

Soil  Materials 

The  results  of  the  greenhouse  study  on  the  soil  materials  appear  to  indicate  the 
following: 

1.  Based  on  greenhouse  yield  data,  the  surface  soil  materials  (0  through  18 
inches)  offer  the  best  potential  for  plant  growth  media. 

2.  Materials  affected  only  with  fertility  and  texture  as  potential  problems 
showed  consistently  the  highest  yields  for  the  experiment. 

3.  Salinity  (EC)  and/or  sodium  (ESP)  showed  a  depressing  effect  on  yields 
as  their  concentration  increased. 

4.  Sample  T284  showed  a  yield  of  1.20  g/pot.   This  was  a  good  yield  relative 
to  the  experiment,  but  due  to  the  clayey  nature  of  the  material  and  the 
controlled  environment  in  the  greenhouse,  we  rated  this  material 
questionable . 

Overburden  Materials 

The  results  of  the  greenhouse  study  on  the  overburden  materials  appear  to  be 
quite  variable  due  to  the  different  planting  dates.   As  stated  before,  materials 
from  drill  hole  79-108  were  planted  in  the  fall  of  1979,  while  materials  from 
drill  holes  79-107,  79-110,  and  79-111  were  planted  in  the  spring  of  1980.   With 
this  in  mind,  the  results  of  the  greenhouse  study  are  as  follows: 

1.   Generally,  materials  from  drill  holes  79-107,  79-110,  and  79-111  appear 
to  be  more  favorable  as  a  plant  growth  medium  based  on  their  chemical 
characteristics.   However,  yields  on  these  materials  were  lower  than 
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those  obtained  on  similar  or  even  poorer  rated  samples  from  drill  hole 
79-108  (compare  79-110-1  which  had  0.7  g/pot  or  79-111-3  which  had  1.05 
g/pot  with  79-108-2  which  had  2.39  g/pot). 

Materials  affected  only  with  fertility,  pH,  and  textural  problems 
appeared  to  be  the  most  productive  plant  growth  media. 

Increasing  levels  of  sodium  (ESP)  and  salinity  (EC)  have  a  depressing 
effect  on  plant  growth.   This  fact  must  be  viewed  in  relation  to 
materials  within  the  same  experiment  (Fall,  1979  vs.  Spring,  1980). 
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APPENDIX  A 


ENGLISH  TO  METRIC  CONVERSIONS 


ENGLISH  TO  METRIC  (SI)  CONVERSIONS 


Mult iply _Eng l_ls^h  Units 
Inches 
Feet 
Mi  les 
Acres 

Square  Miles 
Acre-Feet 
Cubic  Yard 
Feet  Per  Mile 
Btu  Per  Pound 

Pounds 


By 

25.40 

0.3048 

1.609 

0.4047 

0.004047 

2.590 

0.001233 

0.7646 

0.1894 

0.556 

453.60 


Millimeters  (mm) 

Meters  (m) 

Kilometers  (km) 

Hectares  (ha) 

Square  Kilometers  (km^) 

Square  Kilometers  (km^) 

Cubic  Hectometers  (hm^) 

Cubic  Meter  (m^) 

Meters  Per  Kilometer  (m/km) 

Kilogram  Calories  Per 
Kilogram  (kcal/kg) 

Grams  (g) 


Convert  Degrees  Fahrenheit  to  Degrees  Celsius:   °C  =  5/9( °F  -  32) 
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bedded  at  low  angles;  core  lengths  to 

10". 

274.0-321.5'    SILTY   SAHDSTONE:      light 

ones;    thin    lenses   of   shale   and    silt- 


323.5-324.6'   CARBONACEOUS  ! 


action;    bedding   not    discemlb 

lengths    to    3". 

324.6-326.0'    COAL:      black;    ha 


326.0-327.1'   CARBONACBOUS   SHALE 


eaction;   bedi 
lengi 


327.1-328.2'    COAL:      blai 


2-331.5'    CARBONACEOUS    SHALE;      dark 


ickensldes;    no  HC1 
bedding   not   discernible;    core    lengths 
to  6". 
331.5-365.8'    SILTY   SANDSTONE   AND  SANDY 


LTSTONE :      light 
s   considerably 


tly   reasonably  well 
fine   grained;   mod- 


GEOLOGIC  LOG  OF  DRILL  HOLE 


*K&\g£t  .KSftiiif1*  Are"  „0JECT    EMRtANo.    21 

CH78-105   LOCAT^.I^.;   jj.    J   600'    E .    .fM.    *™«  ^       ^     ^^ 

!-l -7S  FiKUHEO5"1-79 DcVth  OF  OVERBURDEN    3<i-0'  DEPTH386"5'  BCAI 

SoEp*te Vtliutto    See  Notes  logged  bt      Parish,  locpev 


tXX2r 


I 


1 


lengths    to   18". 

342.2-342.4'    and   342.8-343.0" 
COAL:     black;   hard;   brittle. 

365.3-376.0'    COAL:      black;    wet;   ha: 


376.0-386.5'  SANDY  SHALE:  medium  gra' 
damp;  hard;  plastic;  no  HC1  reaction; 
bedding   not   discernible;    core   lengths 


"-•* - *- 

GEOLOGIC  LOG  OF  DRILL  HOLE 

WET        *            OF     * 

featube      Blmey  Vett   Coalfield                                  pbojECt     EMRJA  No,    21 

HOLE  no  DH78-10S     iocathm   1050'    N.    4    600'    E.    »f   SW.    Corner 

WLl  "°                                         Sec.    8,    T.    6S.,    R.    41    E.          MOUmd  ELEv    3740     ±                    oip  ma-gi  (  » 

t<mHoh„         Vertical 

BEGUN        l?7*7??.      FIHIIHID.  .?TH?             DEPIH  OF  OVERBIDDEN         36-0'                     5?JTM       38fc ' 5 '          BEaRihc 

D*l«L*KBlD«T(0JiI*jBieB            Se«    Notes                                         LOGGED  Br       P»rlah                                          LOG  P-EVIE-E 

Br 

MOTH  ON -ATI! 

rrr 

i 

••;:.:- 

■tcoMrweVro    rae'iLf 

5   1 

c°"Sc*ce°mVmtwc 

.'■'.' 

?,?, 

.....  c.r„, 

- 

s 

j»-S  i  %<t 

»o 

Si 

laUiPiCaT.On.no 

DP.LLING  CONDITIONS 

on 

■ 

.... 

re 

"; 

? 

i 

5 

3 

.     u*i 

-    " 

in 

i 

i 



■10 

"    ~ 

LOC 

1 

,» 

3*18.s|32^ 

3416.5|323.5  ^pH 

100 

3414        326 
3412.9   327.1 
3411.8   328.2 

2 

IJB 

3408.5    331.5 

■C-z 

I'-yi 

_ 

MO- 

:    - 

9 

iSO- 

""- 

■• : 

_ 

"   > 

liO- 

MO- 

100 

3374.2 

365. 81  ^^ 

Lf> 

1 

;  ■■ 

" 

:: 

1-0 

3353.5 

366.5- 
190- 
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f 
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Birney  West    Coalfii 


atneveA  aaft^a*' 


EWUA  No.    21 


HMtiarj  feel  to  0JO4B  N>  • 


MP4BIUEN'   OF   THE   INTERIOR 
MATEA     amO   TJMCR   RESOtMCCS    StBvn 
RESOUBCE     AND   POTENTIAL     ACCLAMATION     cm 


GEOLOG/C    LOG   OF  DH  78-105 

OCr      LM^ISH FIELD  APPROVAL 

IN TEOt  APPSOVAl 

Xf.O APPWOVCD 


SHEET    )    QF    | 


|  I305-600-3&2 


Plote  II 


GEOLOGIC  LOG  OF  DRILL  HOLE 


croumo  eiev       3770'   * 

IEN    1-0*  DEPTH320-0 


samples  0-10" 
Fishtail    wash 
10-11.    Kq   wire! 
>re    11-220.  '"« 
id    Revert    uaei 
>   drill    fluid. 


0-33.5'  0 

13.5-201.0'        30 

201.0-220.0'    100 


Dep.t  h  D 

0-33. V  5-1-7 

33.5-72.0'  S-2-7 

72.0-133.5'  5 

1.5-171.5'  5 

.5-220.0*  5-7-7 

kfilled  5-8-7 


Hole  Complei 


IM'-:.   FiiRMA]  ION  -    PA]  EOJ  ENJ 


0-H,   ■  '     i   LAY  I  \     ^ANI>STi)Nf  : 


0-1.0"    TOPSOIL  -   <1 
-11.0'    SANDY   SHALE: 


crumbled 

oxidized;    ve 

bedding   not 

lengths 

o   2". 

1  1  -u- VI 

'     SANIi^MNt: 

recovery;    tan;  moist;   generally  soft 

ch.it  are  hard  to  break  with  finger  pi 
sure;  very  fine  grained;  no  HC1  read 
bedding   not   discernible;    core    length! 

39.1-40.5'    SHALE;      light  gray  with  a   fet 


bedding  nearly  hoi 
to  fl". 
40.5-64.3'    COAL: 


;    damp;    firr 
~^B   culty;    plastic;    air   slakes;   no  HC1 
,    bedding   not   discernible; 

52.'0-56.3'    SHALE:     medium  grading  I 
— '-         light   gray   at   depth;    damp;    firm;    o 


d   most    washed   away  during   drilling; 

lckenslded;   black. 

■3-52.0'    CABBOHACE0US  SHALE:      dark 


l   difficult 


plai 


.  HC1  i 


56.3-59.0'    CLAYEY  SANDSTONE:      light  gra; 


J."v;f™ 

omen  ted; 
grained 

crumbles   fair 
no   HC]    react 

bedding 

early   ho 

lzontal;   core 

59.0-72. 

'    SHALE 

SANDY    SHALE: 

y;    damp;    f  li 


i   fci 


idstone    layers   are   quite   hard;    weak 
no   HC1    reaction;    bedding   nearly   hor 

e    lengths    to   24". 

59.8"    joint  dipping  60°. 
8-BI.6'    SANDSTONE:     poor  recovery; 
rrumbly  to  loose; 


light   gray;   mo J 


k|  .-■-'■•:.-'     lASM'.USAi  UlL'S    SHALi  : 


recovery;   dark  i 


P98    i  reek     Study    - 


■    1'reeL    5tu.lv  Are;. 

:  Co&UUdd. 

:*tioh     150'H.  (■  450'' 

.sec.  a,  i.  i  a 

isheo      5-8-79         otP- 


GEOLOGIC  LOG  OF  DRILL  HOLE 


.    of  SE  Corn 
..  J1.4J.  £. 

H  OF  OVEtlBUHOI 


121.6    


u'S-EE 


FT 


slakes;   no  HC1  reaction;    bedding  dips  t 
10°  near   bottom,    but    seems   nearly 
horizontal   near    top;    core    lengths   to    U 

91.0'    COAL  -  3/8"  seam  dips   10°. 
92.0-103.0'    SILTSTONE:      very  light  gray 
damp;    fairly   hard;    barely   cuts  with 
knife;    moderate  HC1  reaction;    bedding 
dips  less  than  5°;    core   lengths   to  24". 

94.5-94.8'    CARBONACEOUS   SHALE   - 


blai 


plai 


97.3-98.5'  ' 
zone;  calca 
98.8'  Slick. 
layer    1/4" 


ited 


dipping  5  . 
103.0-121.6'  SHALEi  varies  from  light 
to  medium  gray  and  from  sandy  to  sllty 
damp;  firm;  barely  cuts  with  knife;  no 
HC1  reaction;  bedding  nearly  horizonta 
core  lengths  to  12". 

113.1-113.5'  Carbonaceous  zone  - 

black;  brittle;  almost  coal. 

120.4-121.0'  Carbonaceous  zone  - 

dark  gray  to  black. 
121.6-132.0'  SHALEY  SANDSTONE:   browni: 


lam: 


•   HC1    i 


low 


mi-  1 1.     •  r. '■■-■• l'i-.!,;  Sili- 
con  lengths   to    15". 

132.0-141.5'  SHALE:   medium  gray;  damp; 
with  knife;  plastic; 
.  reaction;  bedding 
y  horizontal;  core  lengths  to  12". 
134.0',  136.2'.  and  137.1'  Joints 


fi: 


i  dlffi. 


•  HCI 


bedding  i 


lengths  to 
146.1-185.0'  COAL:  black;  damp;  I 
brittle;  numerous  sllckensldes;  bi 
light  gri 


iard;  barely 


87.1'  Joint  dipping  30°. 
87.6'  Joint  dipping  45°. 
195.7'    COAL:      black;    damp;    hard; 


j   195.7-220.0'    SILTSTONE   &   SANDSTONE: 
light   gray;    damp;    generally   quite  hi 


lIC-W 


f<    iir:-     "■  ■■     'r.-.T     -!■.  !■ 

fe*tu»E    Birney  West  Coalfield 


GEOLOGIC  LOG  OF  DRILL  HOLE 

Prairie   Bog   Creel    Scudv   Area ~ 

fUrnoy   Most   CuaLfLoLd  psojeCt         EMRLA   #21 

nn7Q    1fi6  L0OTI0H     L5Q'N.    i   45Q'W.    of    SE  Corner  „._. 

DH79-106  ..Sec...  .8.   T.   6S..R41    E.         ceouNt.  elev     1770+ 


5-1- 


S-8-79 


1.0' 


iT 


201..i-20J.8*     '  MAI  -.!■■■:  '      ,. 


Trairie    !W"    '.r^K    ^JflY    A(ya 

tube      Hrney. West   CoaIFiel3  pro»ECT     EMRIA  92 1 


JHEET     3        OF      3 


„t 


GEOLOGIC    LOG    OF  DH  79-106 


|   1305-600-323 


Plate  12 


I'H/IH!    IU.H.   U'Mk   MUIH    J 
B1K>H   V-TST   CUALfJELD 
„H„_IO,LOC»T.O«    300'S      I    1  'I 


GEOLOGIC  LOG  OF  DRILL  HOLE 


GEOLOGIC  LOG  OF  DRILL  HOLE 


i 


fix   casing   Jrlvt 
iple  0-S.1.'.      Fia 
1    bit   5.5-10.0'; 
wireline   core 
10.0-69."-. 

I    '.0-74.0';    H. 
.irellne   a.r.     74.0- 

i-    drill     !  luid. 

■rill    Fluid    Lnas 
Int^rv,,)  ■;,.,. 

i.o-  r9.o*  o 

■'  50 

100 


104.0'  ).-. 

S    I  -    I.I     ■■  I.!  *... 

191.0'  I.  B9 

.  .  .    I  '  i.  B9 

11]  I  ■■ 


■  ■■ 


■ 

1-5.5'    SANDY   SHALE:      rusty   br< 


fir™ 

cuts  easily  vlt 

to  moderstelv    re 

bedd 

ng  not   dlseernlt 

to  0 

S.5- 

.0'     SANDSTONE: 

w.-l    .!■ 

lamplea .    drll  Lei 

.8'    CLINKER:      nc 

ash    samples;    drill, 
linkired    reddish    Bi 

-  4-H     '.'      ,(Mi-.MM 


ii. ii1 


driller   n  ports 

IDY   SHALE:       rust    I 
isili    with  knife; 


.v.:  ■  [■  '.:■ 


of  core  break  easil 
th  flnc-rs;  nearly  half  of  unit  com 
aed  of  clay;    Laminated;   slighelj   to 

■!■  i  .r.  1      reactive    to   HC1 ;    max   core   I 
■0-44.0'    SANDY   SHALE:       rustv    brown   . 
ay   mottled;    damp;    firm,    cm 
illy  with  knife;    sliRhtly   to  moder- 
■  i      react  Ive   to  HC1;   no at   bedding 


■  ':  I  I 

ll;     hi'  ,  r, his    r.indom    sllcken: 

core    Length  0.5'. 

i-'jA-O'    COAL:      black;    moist; 


Itt 

.-.     1  r.l,  , 

.4.0'    SILTST0NE:      medium 

damp .    hard ,   difficult   t 

It. 

■            reactive   to 

Id1 

if  not   discernible;  max 

rONE:      medium 

■  i     .     Irj      hard,    cann 

th 

;nlfe;    fir..-  graini  d;    all 

nta 

heddtng;    naa   core    tens 

Noi  ■  69.0-71.8'  -Wash   samples. 

.  STONE       i  i>  ;,r   (ray:   di 

•  '  ll  ult     t,.    Irln   with    knife. 


■fflft.ar »"" 


CHAlRlt     DOT.    rREEK    STUDY    AHiJV 
t     PIRNVY    WIST    COALFIELD  PBOJEC 

.      DH70    107«.«*TI0M    JOO'N,     4    1300'W.    of    S.F.    C, 

>     DH79-10?  5f5)    [5(    h    f  5>    R     5,    E 

5-8-7?  eiMHHEO.     ?"?3-7?  0EPIM  0*  0VER6UR0 


GEOLOGIC  LOG  OF  DRILL  HOLE 


MONTANA 
(/  .     Vertical 


I 


I 


I 


" 


1 


3660.0  200.0 


207.7 


I 


i    r.J.iV     .  AKW'SAi  l-nl'-.    SHAI  i  :       ddrk 


visible   beddin; 


fli 


grail 


rly  i 


Jo 


crumbles  easily:  soft,  breaks 
hand  pressure;  moist;  nonreactlve  to 
avg  core  length  0.2';  max  core  lengtl 
0.6'  . 

173.3-177.5'    SANDY    MLTSTONE:      gray    I 


all 


appei 


rumbled    : 


nreactlve    to   HC1  i    avg   core    lenRl 

x  core   length    1.1'. 

4.2'    SANDSTONE  WITH  CLAYEY   SANTJ- 


:  LENSES:  buff  to 
its  massive:  fine  ; 
ireaks  mechanical; 
ited;  moderately  si 
dry   to  slightly  damp; 


lei 


th   0.6' 


1.0'. 


2-190.7'    SILTSTONE:      gray;    unwea 

ered;    appears   massive;    all    breaks   median- 

1;    slightly   plastic;    moderately   ha: 

be   broken   easily   with   slight   hamnn 


91.3'    CARBONACEOUS   ! 


hard  to  moderately  soft 
reactive  to  HO;  max  coi 
191.3-207.7'    SILTSTONE: 


igth  0.7'. 
itely   soft 


W¥^W 


BIRNEY  VEST  COALFIELD  project 

DH79-107L<,t:*,l,>'<   3M'N,    (.  1390'V,    ol   S.E.    Con 

Sec.    IS.  T,    p.S..   *,    41    E,      ' 

'-B-79          r.MiiHio     5-23-79  dip im  or  overbui>oen 

*0  (LEV    Of  VATCJ  ,         „ 

>"<   d*  vi  _,  ,■ .  „, .         See  Notes  to&c 


GEOLOGIC  LOG  OF  DRILL  HOLE 


»  depth   333.0 

PARISH  0.0-156.2 
WYB0RNEY   156.2-333.0 


90 


E   COH  'LET EI) 


,3560.0,300.0  ", 

ft-i««:irH 

J547.8  312.2:  Hi 


1 


133ft: 


red,    appears  kaaalve; 


Hi: 

51 

0J333. 


n  with  slight  h. 
ly   to   strongly   I 
avg  core   length  0.5';   mi 

211.6-258.5'    SANDSTONE: 


braaka  mechanical,  often 
planes;  poorly  cemented; 
easily    In   hand;    aolat    to 


length   0.4*;   max 


avg 

i.r. 

267.0-312.2'    COAL:      black; 

brittle;    slightly  damp. 

105.2-305.8'    Shale    let 
slightly   ftssle. 

•112.2-317. q  '    SANDSTONE :      b . 


fll 


to  slightly  reactlv*  Ei 
length  0.5' ;  max  core 
317.9-323.2'    SILTSTONE 


le  graine 
bedding 
cruable* 


a;   dark  gray 

fl    to  light 
ded;    all 
lned;    amall 

;    avg  core 

h    1.0'. 


ered;    laminations   visible;    all    breaks 
mechanical;   moderately  soft,   can  be 
broken   by   blow  of   hand;    hard   to   trim 
with   knife;    nonreactlve   to   HO.    average 
core   length  0.5';  max  core  length  2.0'. 

120.2-220.4'    Carbonaceous  shale 

lens. 


123.3 

-328.3'    SANDSTONE:      gray; 

all    1 

can   be   broken  with   finge 

Sligti 

tly  reactive   to  HC1;   avg 

lengi 

ti  0.6'. 

118. 

-329.1'    COAL:       black;    bri 

■.:* 

-113. 0'     SANDY    SILTSTONE: 

light 

gray;  unweathered;  appears  massive;  a 
breaks  mechanical;  moist;  moderately 
soft,  crumbles  with  slight  finger  prei 
sure;  non-  to  slightly  reactive  to  HC 
avg  core  length  0.3';  max  core  length 
0.7'. 


OF   THE   INTERIOR 
RESOUftCCS  S£»vK£ 
RECLAMATION     EVALUATION 


GEOLOGIC    LOG   OF  DH  79-107 


FaTLD  it*»PBOwat_ 
TEOt  APfttOML^_ 
aPPAOVED 


I  1305-600-324 


Plate    13 


GEOLOGIC  LOG  OF  DRILL  HOLE 


MONTANA 
„   .    VERTICAL    90° 


It.    V.    Shaw.    USB 

lethod 

ising  drive 
sample   0-10' . 

10-11".  Hq 
wireline  core  1 
34.5'.  Rock  bl 
34.5-36.0'.      Hq 


)rlll    Fluid    Loss 

;pth  1   Lo 

3:0-U.0'  i 

14. 0-34. 5'  10' 

3d. 5-78.0*  i 

78.0-66.5'  10) 

84.5-124.5*  21 
■  .0-204.0'        101 

204.0-346.0'  II 

346.0-373.0'  101 


Casing   Record 


W.L.  at  83.5'. 

164.5':  Cs  at  35.0 

W.L.  at  129.0'. 

-5-79  -  Hole  at 

200.0';  Cs  at  35.0 

W.L.  at  128.0". 

1-7-79  -  Hole  at 

202.5';  Cs  at  35.0 

at  130.0'. 

213.0';    Cs  at 


61$  == 


Fi'Kl     I",  h»:    ^KM/.ThA 


('."     ii.      I"     SI]  IV    SANnSTONC 


lered;   oxidized   throughout 
ons   badly   broken;    poorly   < 
crumbles   easily;    moist;    t 
:i. 
45. 5*    SANDV   SHALE:      pray   t 


lightly  oxidized;   carhoi 

reake  appear  mechanical;  moden 
oft.  can  be  crushed  bv  hand:  m 
o  HC1;  average  core  length  D.41 
5.5-55.0'    SHALEY   i 


crumbles   easily;    moist;    nonreactli 
1;    average   core    length   0.1'. 
61.  T    SANDY   SHALE;      sllRhtly   carbo- 
ns;   broim;    slightly   oxidized; 
ated;    plastic;    all    breaks   appear 


■    to  damp;    slightly    to  modera1 
to   HC1. 
i'   CARBONACEOUS  SHALE;      dark 


;,.. 


■  Lakes  -lightly;  siickensides 
proximately  45°;  appears 
oderately  soft,  can  be  broken 


.8'. 


■asslve;    fine  grained;    ell   breaks  i 

o   HC1;    average   core    lengthO-6'. 
.2'    CARBONACEOUS    SHAL1         rr 


irk   f 

jnes   ..(    ,iir    slaking;    nil   breaks   teechan- 
:al;    moderately   hard,    trims   roughly 

leTBRe  core   length  0.5"    to  0.6'. 

i. 2-94.6'    SHALE:      gray;    slijthtlji    plas- 


all    I 


Fficult 


al; 


nife;    damp;    nonreactlve   to   HC1; 
ore    length   0.4'. 

J-    '      l.l.«'    '.  AWiutSACEOUS   SHALE; 


GEOLOGIC  LOG  OF  DRILL  HOLE 


PRAiPn  DOS  OEH  sTVhY  AJ4LA 

DIBBS1   WIST   COALFIELD  pitoject  Q«1A  '-' 

location  ''650'+  W     4  «0n'  +  5-    of  N.E.    CORNER 
79-108  "sec.    6.    T.    6   S..>.    40   E.         GROUND EtiV 


MONTANA 
.  ,     VERTICAL  90° 


6-11-79 

-  Hole  at 

273.0'; 

Cs  at 

204.0'; 

W.L.  at 

129.0'. 

!>-12-79 

313.0'; 

204.0'; 

129.0'. 

5-13-79 

-  Hole  at 

363.0'; 

Cs  at 

204.0'; 

W.L.  at 

254.2'. 

Hole  Completion 

368.0'  o 

2"  ploB- 

tic  pipe 

installed 

perforot 

d  331.0- 

367.0'. 

Pulled 

Choracte 

of 

>rill1rL 

ilfflcul 

to  keep 

t20  retu 

drilling 

Hole 

orced  t 

it  373.0 

due  to 

" 

-S; 

hard,  difficult  to  trim  w 
damp;  non-  to  slightly  re 

th  knife; 
ctlve  to  HC1; 

no- 

*T_-   BVg  core  length  0.5';  max 

~~Z                 Sandy  Shale  at  106.7 

ZTI       111.4'. 

■*•***'-   121. 3-130. S'  COAL:   black 

core  length 
107.5';  111.3 
broken; 

1 


I   'I).  ■-I-.I      '■'     SUM  IV    sANDSTuM  wn 


lightly  mottled;  appears 
grained;  one  joint  dlppli 
breaks  mechanical;  model 


!-  i  ..w- 


ely   | 


lble;    generally 


lerately   hard,    ci 

1;    avg  core   length    1 .0' . 

Carbonaceous   Zone   at    143.3 
'.0-164.5'    SANDSTONE:     gray; 


rumbles  easily;  por 
are  length  to  0.1'; 
164.5-194.0'    SHALE: 


to  HC1;    avg  core    length  0.5' 
igth   1.3'. 
Is  at   166.7-167.7";    169.0- 


;    light    gray,    unueathered;    [ 

ble  bedding;    very  fine  gralt 

Joint  dipping  50°  at   200-5";    rec 


hln  bedded;  all  breaks  mechan 
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WEATHERING  TESTS 


Core  Samples  From  Prairie  Dog  Creek,  Montana 


Sample  1.0. 


Remarks 


Shale 

DH  78-101 

Depth  (ft)  39.0-40.0 

(p-n* 


Photographs  1  and  7 

Laboratory  weathering:  Surface 
cracking  at  5  cycles.  Some  cleaving 
at  10  cycles. 

%BD  =  13 
Outdoor:  Surface  cracking  at  10  weeks 


Sandstone 
DH  78-101 

Depth  (ft)  267.0-268.0 
(P-2) 


Photographs  1  and  7 

Laboratory  weathering:     ^ery  little 
change  at  20  cycles. 

%BD  =  3 
Outdoor:     No  chance  at   10  weeks. 


Shale 
DH  78-102 

Depth  (ft)  59.5-60.5 
(P-3) 


Photographs  1  and  7 

Laboratory  weathering:  Surface  cracking 
at  5  cycles.  Cleaving  at  10  cycles. 
Continued  cleaving  at  20  cycles. 

%BD  =  25 
Outdoor:  Slight  surface  cracking  at 
10  weeks. 


Shale 
DH  78-102 

Depth  (ft)  146.0-147.0 
(P-4) 


Photographs  2  and  8 

Laboratory  weathering:  Slight  surface 
slaking  at  5  cycles,  ^ery   little  change 
at  20  cycles. 

%BD  =  10 
Outdoor:  Slight  surface  slaking  at 
10  weeks. 


Sandstone 
DH  78-103 

Depth  (ft)  109.5-110.5 
(P-5) 


Photographs  2  and  8 

Laboratory  weathering:  No  change  at 
20  cycles. 
%BD  =  0 
Outdoor:  No  change  at  10  weeks. 


*  Laboratory  sample  number 
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WEATHERING  TESTS 


Sample  I.D. 


Remarks 


Sandstone 
DH  78-103 

Depth  (ft)  263.0-264.0 
(P-6) 


Photographs  2  and  8 

Laboratory  weathering:  No  change  at  5 
cycles.  Slight  mushroom  appearance  at 
10  cycles.  Some  salt  leaching  at  20  cycles 

%BD  =  15 
Outdoor:  No  change  at  10  weeks. 


Silty  Sandstone 
DH  78-105 

Depth  (ft)  116.0-117.0 
(P-7) 


Photographs  3  and  9 

Laboratory  weathering:  Very  little  change 

at  5  cycles.  Specimen  friable  at  20  cycles 

%BD  =  28 

Outdoor:  No  chanae  at  10  weeks. 


Sandstone  &  Shale 
DH  78-105 

Depth  (ft)  134.5-135.5 
(P-8) 


Photographs  3  and  9 

Laboratory  weathering:  Specimen  softens 
upon  wetting  but  returns  to  a  hard 
state  after  drying.  Very   little  break- 
down at  20  cycles. 

%BD  =  11 
Outdoor:  Slight  surface  cracking  at 
10  weeks. 


Silty  Sandstone 
DH  78-105 

Depth  (ft)  288.0-289.0 
(P-9) 


Photographs  3  and  9 

Laboratory  weathering:  Seme  del  ami  nation 
at  5  cycles.  Slaking  at  20  cycles. 

%BD  =  32 
Outdoor:  No  change  at  10  weeks. 


Carbonaceous  Shale 
DH  79-106 

Depth  (ft)  48.5-55.0 
(P-10) 


Photographs  4  and  10 

Laboratory  weathering:  Slaking  and  cracking 
at  5  cycles.  Specimen  yery   friable  at  20 
cycles. 

%BD  =  100 
Outdoor:  Slight  slaking  at  10  weeks 
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WEATHERING  TESTS 


Sample  I.D. 


Remarks 


Shale 
DH  79-106 

Depth  (ft)  54.0-55.0 
(P-ll) 


Photographs  4  and  10 

Laboratory  weathering:  Slight  slaking  at 
5  cycles.  Some  cleaving  and  cracking  at 
20  cycles. 
%BD  =  9 
Outdoor:  Slight  surface  cracking  at  10 
weeks. 


Sandstone 
DH  79-106 

Depth  (ft)  72,1-73.1 
(P-12) 


Photographs  4  and  10 

Laboratory  weathering:  No  change  at  10 
cycles.  Slight  breakdown  at  20  cycles. 

%BD  =  14 
Outdoor:  Surface  cracking  at  10  weeks. 


Siltstone 
DH  79-106 

Depth  (ft)  99.0-100.0 
(P-13) 


Photographs  5  and  11 

Laboratory  weathering:  No  change  at  5 
cycles.  Slight  slaking  at  10  cycles. 
Severe  slaking  at  20  cycles. 

%BD  =  100 
Outdoor:  No  change  at  10  weeks. 


Siltstone 
DH  79-106 

Depth  (ft)  186.0-187.0 
(P-14) 


Photographs  5  and  11 

Laboratory  weathering:  Specimen  softens 
upon  wetting  but  returns  to  a  hard 
state  after  drying.  No  breakdown  at  20 
cycles. 

%BD  =  0 
Outdoor:  No  change  at  10  weeks. 


Sandy  Shale 
DH  79-107 

Depth  (ft)  10. 0-11. C 
(P-15) 


Photographs  5  and  11 

Laboratory  weathering:  Mushroom  appearance 
at  5  cycles.  Cleaving  at  10  cycles.  Slight 
breakdown  at  20  cycles. 

%BD  =  8 
Outdoor:  No  chance  at  10  weeks 


Table  1 
Sheet  4  of  4 


WEATHERING  TESTS 


Sample  I.D. 


Remarks 


Sandy  Shale 
DH  79-107 

Depth  (ft)  34.0-35.0 
(P-16) 


Photographs  6  and  12 

Laboratory  weathering:  Specimen  softens 
upon  wetting  but  returns  to  a  hard 
state  after  drying.  Some  breakdown  at 
20  cyles. 

%BD  =  27 
Outdoor:  No  change  at  10  weeks. 


Siltstone 
DH  79-107 

Depth  (ft)  61.0-62.0 
(P-17) 


Photographs  6  and  12 

Laboratory  weathering:  Specimen  softens 

upon  wetting,  but  returns  to  a  hard 

state  after  drying,  yery   little  breakdown 

at  20  cycles. 

•  %BD  =  13 

Outdoor:  No  change  at  10  weeks 


Silty  Shale 
DH  79-107 

Depth  (ft)  140.0-141.0 
(P-18) 


Photographs  6  and  12 

Laboratory  weathering:  Slight  surface 
cracking  at  10  cycles.  Some  breakdown  at 
20  cycles. 
%BD  =  38 
Outdoor:  Surface  cracking  at  10  weeks. 


Sandstone 
DH  79-105 

Depth  (ft)  183.5-184.5 
(P-19) 


Sample  not  tested.  It  was  already  broken 
down  when  received. 
%BD  =  100 


Sandstone 
DH  79-105 

Depth  (ft)  209.0-210-0 
(P-20) 


Sample  not  tested.  It  was  already  broken 
down  when  received. 
%BD  =  100 
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Results  of  1-Year  Outdoor  Weathering  for  Core  Samples 
from  Prairie  Dog  Creek,  Montana 


Sample   I.D. 


Remarks 


Shale 

DH  78-101 

Depth   (ft)   39.0-40.0 

(P-D* 


Photograph  13 

Swelling  and  slaking  at  1  year 
%   BD  =  54 

%   Passing  No.  10  screen  =  34 


Sandstone 
DH  78-101 

Depth  (ft)  267.0-268.0 
(P-2) 


Photograph  13 


No  change  at  1  year 
%   BD  =  0 


Shale 
DH  78-102 

Depth  (ft)  59.5-60.5 
(P-3) 


Photograph  13 

Surface  cracking  and  some  slaking 
at  1  year 
%   BD  =  29 


%  Passing  No.  10  screen  =  8 


Shale 
DH  78-102 

Depth  (ft)  146.0-147.0 
(P-4) 


Photograph  14 

Slight  surface  cracking  at  1  year 
%   BD  =  18 

%  Passing  No.  10  screen  =  13 


Sandstone 
DH  78-103 

Depth  (ft)  109.5-110.5 
(P-5) 


Photograph  14 


No  change  at  1  year 
%   BD  =  0 


Sandstone 
DH  78-103 

Depth  (ft)  263.0-264.0 
(P-6) 


Photograph  14 


No  change  at  1  year 
%   BD  =  0 


*  Laboratory  Sample  Number 
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WEATHERING  TESTS 


Sample  I.D. 


Remarks 


Silty  Sandstone 
DH  78-105 

Depth  (ft)  116.0-117.0 
(P-7) 


Photograph  15 

Some  swelling  at  1  year 
%  BD  =  29  ' 

%   Passing  No.  10  screen  =  23 


Sandstone  &  Shale 
DH  78-105 

Depth  (ft)  134.5-135.5 
(P-8) 


Photograph  15 

Swelling  and  surface  cracking  at  1  year 
%   BD  =  62 

%   Passing  No.  10  screen  =  18 


Silty  Sandstone 
DH  78-105 

Depth  (ft)  288.0-289.0 
(P-9) 


Photograph  15 

Some  swelling  at  1  year 
%   BD  =  13  * 

%   Passing  No.  10  screen  =  12 


Carbonaceous  Shale 
DH  79-106 

Depth  (ft)  48.5-55.0 
(P-10) 


Photograph  16 

Slaking  and  swelling  at  1  year 
%   BD  =  100 

%   Passing  No.  10  screen  =  15 


Shale 
DH  79-106 

Depth  (ft)  54.0-55.0 
(P-ll) 


Photograph  16 

Swelling  and  some  surface  cracking  at 
1  year 
%   BD  =  32 


%   Passing  No.  10  screen  =  7 


Sandstone 
DH  79-106 

Depth  (ft)  72.1-73.1 
(P-12) 


Photograph  16 


Swelling  at  1  year 
%   BD  =  11 


%   Passing  No.  10  screen  =  7 
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WEATHERING  TESTS 


Sample  I.D.  Remarks 


SiltStone  Photograph  17 

DH  79-106 

Depth  (ft)  99.0-100.0  Slight  slaking  at  1  year 

(P-13)  %   BD  =  14 


%  Passing  No.  10  screen  =  11 


Photograph  17 


Siltstone 
DH  79-106 

Depth  (ft)  186.0-187.0  Swelling  at  1  year 

(P-14)  %  BD  =  64 

%  Passing  No.  10  screen  =  63 

Sandy  Shale  Photograph  17 

DH  79-107 

Depth  (ft)  10.0-11.0  Swelling  at  1  year 

(P-15)  %  BD  =  34 

%  Passing  No.  10  screen  =  29 

Sandy  Shale  Photograph  18 

DH  79-107 

Depth  (ft)  34.0-35.0  Considerable  swelling  at  1  year 

(P-16)  %  BD  =  5 

%   Passing  No.  10  screen  =  5 

SiltStone  Photograph  18 

DH  79-107 

Depth  (ft)  61.0-62.0  Swelling  at  1  year 

(P-17)  %  BD  =  65 

%   Passing  No.  10  screen  =  7 

Silty  Shale  ,  ,  „ 

DH  79-107  Photograph  18 

Depth  (ft)  140.0-141.0  Some  slaking  at  1  year 

(P-18)  %  BD  =  45 

%  Passing  No.  10  screen  =  32 


PHOTOGRAPH 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering. 


Photo  I   -  Results  of  weathering  tests  for  shale  sample  P-l, 
sandstone  sample  P-2,  and  shale  sample  P-3  subjected  to  20 
laboratory  weathering  cycles. 


PHOTOGRAPH 


a.     Original   condition  of  test  specimens. 


4 


b.  Condition  of  test  specimens  after  weathering. 


Photo  2   -  Results  of  weathering  tests  for  shale  sample  P-4,  and 
sandstone  samples  P-5  and  P-6  subjected  to  20  laboratory  weathering 
cycles. 


PHOTOGRAPH 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 


Photo  3  -  Results  of  weathering  tests  for  silty  sandstone  sample  P-7, 
sandstone/shale  sample  P-8,  and  silty  sandstone  sample  P-9  subjected  to 
20  laboratory  weathering  cycles. 


PHOTOGRAPH   4 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  4  -  Results  of  weathering  tests  for  shale  samples  P-10  and  P-ll 
and  sandstone  sample  P-12  subjected  to  20  laboratory  weathering  cycles.' 


PHOTOGRAPH   5 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 


Photo  5   -  Results  of  weathering  tests  for  siltstone  samples  P-13 
and  P-14,  and  sandy  shale  sample  P-15  subjected  to  20  laboratory 
weathering  cycles. 


PHOTOGRAPH 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering. 


Photo  6   -  Results  of  weathering  tests  for  sandy  shale  sample  P-16, 
siltstone  sample  P-17,  and  silty  shale  sample  P-18  subjected  to  20 
laboratory  weathering  cycles. 


PHOTOGRAPH   7 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 


Photo  7   -  Results  of  weathering  tests  for  shale  sample  P-l,  sand- 
stone sample  P-2,  and  shale  sample  P-3  subjected  to  10  weeks  of  outdoor 
exposure. 


PHOTOGRAPH  8 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering 


Photo  8  -  Results  of  weathering  tests  for  shale  sample  P-4,  and 
sandstone  samples  P-5  and  P-6  subjected  to  10  weeks  of  outdoor 
exposure. 


PHOTOGRAPH 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 


Photo  9  -  Results  of  weathering  tests  for  silty  sandstone  sample 
P-7,  sandstone/shale  sample  P-8,  and  silty  sandstone  sample  P-9 
subjected  to  10  weeks  of  outdoor  exposure. 


PHOTOGRAPH   10 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering. 

Photo  10  -  Results  of  weathering  tests  for  shale  samples  P-10 
and  P-ll,  and  sandstone  sample  P-12  subjected  to  10  weeks  of  out- 
door exposure. 


PHOTOGRAPH       I 


a.     Original   condition  of  test  specimens. 


b.     Condition  of  test  specimens  after  weathering. 

Photo    II       -  Results  of  weathering  tests  for  silstone  samples  P-13 
and  P-14,  and  sandy  shale  sample  P-15  subjected  to  10  weeks  of  out- 
door exposure. 


PHOTOGRAPH      12 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering. 

Photo  12  -  Results  of  weathering  tests  for  sandy  shale  sample  P-16, 
siltstone  sample  P-17,  ana  silty  shale  sample  P-18  subjected  to  10 
weeks  of  outdoor  exposure. 


PHOTOGRAPH       13 


a.  Original  condition  of  test  specimens 


>v 


b.  Condition  of  test  specimens  after  weathering 


Photo  13  -  Results  of  weathering  tests  for  shale  sample  P-l,  sand- 
stone sample  P-2,  and  shale  sample  P-3  subjected  to  1  year  of  outdoor 
exposure. 


PHOTOGRAPH     J4 


a.     Original   condition  of  test  specimens 


b.      Condition  of  test  specimens  after  weathering. 

Photo   14   -  Results  of  weathering  tests  for  shale  sample  P-4,   and 
sandstone  samples   P-5  and  P-6  subjected  to  1  year  of  outdoor 
exposure. 


PHOTOGRAPH        15 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering. 


Photo  15   -  Results  of  weathering  tests  for  silty  sandstone  sample 
P-7,  sandstone/shale  sample  P-8,  and  silty  sandstone  sample  P-9 
subjected  to  1  year  of  outdoor  exposure. 


PHOTOGRAPH      16 


a.      Original    condition   of  test  specimens. 


b.      Condition  of  test  specimens  after  weathering. 


Photo    16    -  Results  of  weathering  tests  for  shale  samples   P-10 
and  P-ll,   and  sandstone  sample  P-12  subjected  to  1  year  of  out- 
door exposure. 


PHOTOGRAPH   17 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering 


Photo  17  -  Results  of  weathering  tests  for  siltstone  samples  P-13 
and  P-14,  and  sandy  shale  sample  P-15  subjected  to  1  year  of  out- 
door exposure. 


PHOTOGRAPH      18 


a.     Original   condition  of  test  specimens 
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b.  Condition  of  test  specimens  after  weathering. 

Photo  18-  Results  of  weathering  tests  for  sandy  shale  sample  P-16, 
siltstone  sample  P-17,  and  silty  shale  sample  P-18  subjected  to 
1  year  of  outdoor  exposure. 
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Criteria  Used  Co  Determine  Suitability  of  Overburden  Material 
For  Use  as  Plant  Media  in  RevegetationI/ 


Electrical  Conductivity 

(mhos/cm) 


Sodium  Adsorption  Ratio 
(SAK) 


Exchangeable  Sodium 
Percentage  (ESP) 


Boron  (mg/1) 
Selenium  (mg/1) 
Molybdenum  (mg/1) 

Copper  (mg/1) 
Manganese  (mg/1) 
Zinc  (mg/1) 
Lead  (mg/1) 

Cadmium  (mg/1) 
Nickel  (mg/1) 
Mercury  (mg/1) 

Iron  (mg/1) 
Nitrate-Nitrogen  (mg/1) 


Methodology 


Pipette  method  plus  sand 
sieving 


Saturation  extract/con- 
ductivity bridge 


Saturated  paste/glass 
electrode 


FSL,  VFSL,  L,  SiCL,  SCL 


Calculate:  Na/  \J  ( Ca+Mg) / 2 ; 
Ca,  Mg,  and  Na  in  meq/1 


Ammonium  acetate  ex- 
tract ion,  calculate: 
Na/CEC  x  100% 

Hot  water  extraction/ 
carmine  method 

Hydride  generation; 
flameless  AA 

Ammonium  oxalate  ex- 
traction; flameless  AA 
or  N2O  flame  AA  -  5000 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction,  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

Extraction  by  H2SO4; 
flameless  AA 
(quartz  cell) 


<1 
3/ 

<60 

<40 

10-15  (pH  <6) 
15-20  (pH  >6) 

<1 

2-3 


Limited  Suitability 
LFS,  SL,  CL,  SiCL,  SC 


5.0  -  6.0; 
8.4  -  9.0 

6-9  heavy  textures 
6-12  medium  and  coarse 
textures 


Unsuitable 


S,  LS,  SiC,  C 


<5.0; 
>9.0 

>9  -  heavy  textures 
>12  -  medium  and  coars 
textures 


>1S2/ 


>60 
>40 


15  (pH  <6) 
20  (pH  >b) 


Not  Established 
Not  Established 


y_l   Applicable  only  to  reclamation  study  areas  in  Montana  and  North  Dakota. 
2/  Kate  2:1  -  Clay  texture  poor  if  >10,  sand  texture  if  >20. 

3/  Suspect  level  not  established  -  an  excessive  consumption  of  molybdenum  through  ingestation 
to  animals.   This  concern  is  directly  relaced  to  the  Cu:Mo  ratio  in  the  plant  tissue. 


egetatton  may  be  toxic 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  78-101 


Depth  (ft) 

Type 

Suitability 

0.0-25.0 

Ss,  Sh 

Limited 

25.0-31.0 

Sh,  Ss 

Limited 

31.0-48.0 

Sh 

Unsuitable 

48.0-68.8 

Ss,  Cbsh,  Sist 

Limited 

68.8-84.0 

Ss 

Suitable 

84.0-91.0 

Sish,  Cbsh 

Limited 

95.5-104.5 

Cbsh 

Limited 

104.5-135.0 

Css 

Unsuitable 

135.0-148.0 

Sish 

Limited 

148.0-156.8 

Ss 

Suitable 

156.8-178.3 

Ssh,  Sish 

Limited 

178.3-183.0 

Cbsh 

Unsuitable 

183.0-205.0 

Ssh 

Suitable 

205.0-230.0 

Ss 

Suitable 

230.0-255.0 

Ss 

Suitable 

255.0-280.0 

Ss 

Suitable 

280.0-314.0 

Ss 

Suitable 

314.0-323.0 

Ssh 

Suitable 

385.5-399.0 

Sh 

Unsuitable 

Limiting  Factor(s) 

Salts,  %  Sodium 
Salts,  %  Sodium 
%  Sodium 
%  Sodium,  Salts 

Salts 
Salts 

Texture,  Salts 
Texture,  Salts 

Texture,  Salts 
Texture,  Salts 


%  Sodium,  Texture 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  78-102 


Depth  (ft) 

Ty 

0.0-16.0 

Css 

16.0-32.0 

Css 

32.0-42.5 

Ssh 

58.0-69.0 

Sh 

69.0-81.0 

Css 

81.0-86.8 

Sh 

86.8-99.0 

Css 

101.6-118.5 

Cbsh 

119.0-130.0 

Sh 

130.0-150.0 

Sh 

150.0-164.5 

Ss 

164.5-183.0 

Sh 

183.0-191.0 

Css 

191.0-219.7 

Ss 

219.7-226.0 

Cbsh 

263.5-270.1 

Ss 

277.0-302.0 

Css 

Suitability 

Suitable 

Suitable 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Limi  ted 

Unsuitable 


Limiting  Factor(s) 


Texture 

Texture 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium,  Texture 

Texture,  %  Sodium 

%  Sodium 

%  Sodium 

%  Sodium,  Texture 

%  Sodium 

%  Sodium 

Texture,  %  Sodium 

Salts,  %  Sodium 

%  Sodium 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  78-103 


Depth  (ft) 

Type 

Suitabiiit 

0.0-14.7 

Sandy  clay 

Suitable 

14.7-28.0 

Cbsh 

Unsuitable 

74.7-84.2 

Sist,  Cbsh 

Limited 

84.2-107.0 

SiSs 

Unsuitable 

107.0-126.0 

Sist,  Ss 

Unsuitable 

126.0-153.0 

Ss 

Unsuitable 

153.0-159.0 

Sh 

Unsuitable 

159.0-169.5 

Css 

Unsuitable 

169.5-176.7 

Ss 

Unsuitable 

176.7-189.5 

Cbsh 

Unsuitable 

189.5-214.0 

C  Sist,  Ss 

Unsuitable 

214.0-226.7 

Sh,  Ss 

Unsuitable 

229.7-235.7 

Sh 

Unsuitable 

236.8-256.2 

Ssh 

Unsuitable 

256.2-274.0 

Ss,  Ssh 

Unsuitable 

Limiting  Factor(s) 


Texture 

Salts,  %  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium,  Texture 

%  Sodium 

%  Sodium,  Texture 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


*  Sample  contained  80  ppm  of  lead  according  to  laboratory  results 
comtamination  is  suspected. 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  78-104 


Depth  (ft)         Type  Suitability  Limiting  Factor(s) 


Not  Sampled 


Legend 

Ss  -  Sandstone  C  Sist  -  Clayey  siltstone 

SiSa  -  Silty  sandstone  Sh  -  Shale 

Css  -  Clayey  sandstone  Ssh  -  Sandy  shale 

Sist  -  Siltstone  Sish  -  Silty  shale 

S  Sist  -  Sandy  siltstone  Cbsh  -  Carbonaceous  shale 

Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  78-105 


Depth  (ft) 

Type 

0.0-34.0 

Gravel! 

4A. 0-54.0 

Css 

54.0-74.3 

Ss 

114.2-122.0 

SiSs 

128.4-157.0 

Ss,  Sh 

157.0-180.0 

Ss 

180.0-201.0 

Ss 

201.0-220.0 

Ssh,  S; 

220.0-240.0 

Ss 

240.0-259.5 

Ss 

267.0-280.0 

SiSs 

Suitability 

Limited 

Limited 

Limited 

Suitable 

Suitable 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Limiting  Factor(s) 

Salts,  %  Sodium  * 
%  Sodium 
%  Sodium 


Texture 
Texture,  % 
%  Sodium 
%  Sodium 
%  Sodium 
%  Sodium 


Sodium 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


*  Sample  contained  27  ppm  of  lead  according  to  laboratory  results 
contamination  suspected. 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  79-106 


Depth  (ft) 

0.0-11.0 

11.0-40.5 

44.3-59.0 

59.0-72.8 

72.8-92.0 

92.0-101.0 

103.0-121.6 

121.6-132.0 

132.0-146.1 

185.0-205.0 

205.0-220.0 


Type 

Css,  Ssh 

Ss,  Sh 

Cbsh,  Css 

Sh,  Ssh 

Ss,  Cbsh 

Sist 

Sh 

Css 

Sh,  Cbsh 

Sist 

Sist,  Ss 


Suitability 

Limited 

Suitable 

Limited 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Limited 

Unsuitable 


Limiting  Factor(s) 

Salts 

Texture,  Salts 

Texture 

Salts 

Texture,  %  Sodium 

%  Sodium 

%  Sodium 

Texture,  Salts 

Salts,  %  Sodium 

%  Sodium 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St 


Limes  tone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  79-107 


Depth  (ft) 

Type 

Suitabilit; 

0.0-18.5 

Ssh,  Ss 

Limited 

18.5-33.0 

Css 

Limited 

33.0-44.0 

Ssh 

Suitable 

44.0-64.0 

Cbsh,  Sist 

Limited 

64.0-79.0 

Ss,  Sist 

Limited 

85.0-92.6 

Cbsh,  Ss 

Limited 

92.6-104.0 

Sist,  Ss 

Limited 

104.0-121.0 

Ss 

Limited 

124.0-139.8 

Cbsh 

Unsuitable 

139.8-148.4 

Sish,  SiSs 

Unsuitable 

149.8-163.0 

Cbsh,  Css 

Unsuitable 

163.0-173.3 

Ss 

Unsuitable 

173.3-184.2 

S  Sist,  Ss 

Unsuitable 

184.2-191.3 

Sist,  Cbsh 

Unsuitable 

191.3-211.6 

Sist,  S  Sist 

Unsuitable 

211.6-234.0 

Ss 

Unsuitable 

234.0-258.5 

Ss 

Unsuitable 

258.5-267.0 

Sist 

Unsuitable 

312.2-323.2 

Ss,  Sist 

Limited 

323.2-333.0 

Ss,  S  Sist 

Unsuitable 

Limiting  Factor(s) 


Texture, 

Salts 

Texture 

Salts 

Texture, 

Salts 

Texture, 

Salts 

Salts 

%  Sodium 

Texture, 

Salts 

%  Sodium, 

,  Texture 

Texture, 

%  Sodium 

%  Sodium 

%  Sodium 

Texture, 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

Salts,  % 

Sodium 

%  Sodium, 

,  Salts 

Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  79-108 


Depth  (ft) 

Type 

Suitabilit 

0.0-20.0 

SiSs 

Limited 

20.0-36.0 

SiSs 

Limited 

36.3-45.5 

Ssh 

Suitable 

45. 5-55.0 

Css 

Suitable 

55.0-63.3 

Ssh,  Ss 

Limited 

63.3-74.4 

Cbsh 

Unsuitable 

74.4-81.7 

Ss 

Suitable 

81.7-93.0 

Cbsh,  Sh 

Limited 

93.0-110.0 

Sh,  Cbsh 

Unsuitable 

110.0-134.7 

Cbsh,  Css 

Unsuitable 

134.7-141.3 

Css 

Unsuitable 

141.3-147.0 

Sh 

Unsuitable 

147.0-164.5 

Ss 

Unsuitable 

164.5-194.5 

Sh 

Unsuitable 

194.5-208.1 

Ss,  Sh 

Unsuitable 

214.0-242.7 

Cbsh,  Ssh 

Unsuitable 

242.7-263.1 

Ss 

Unsuitable 

263.1-283.0 

Ssh 

Unsuitable 

283.0-305.8 

Ssh 

Unsuitable 

305.8-325.2 

Ss 

Unsuitable 

325.2-339.0 

Cbsh 

Unsuitable 

Limiting  Factor(s) 


Salts 

Salts 

___ 

Salts 

— 

Texture 

Salts,  % 

Sodium 

Texture, 

%  Sodium 

Texture, 

%  Sodium 

%  Sodium 

Texture, 

%  Sodium 

%  Sodium 

Salts,  % 

Sodium 

Salts,  % 

Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

Texture, 

%  Sodium 

Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  79-109 


Depth  (ft) 

Typ< 

0.0-15.0 

Sh 

15.0-32.8 

Sh 

32.8-40.7 

Ssh,  ! 

40.7-57.0 

Sh 

57.0-76.8 

Sh 

76.8-90.0 

SiSs 

90.0-106.5 

SiSs 

Ss 


Suitability 

Unsuitable 

Limited 

Limited 

Limited 

Limited 

Limited 

Limited 


Limiting  Factor( s) 

Texture,  Salts 

Texture,  Salts 

Texture,  Salts 

Texture,  Salts 

Texture,  Salts 
Salts 
Salts 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  79-110 


Depth  (ft) 

Ty 

0.0-25.0 

SiSs 

25.0-50.0 

SiSs 

50.0-75.0 

Ssh 

75.0-86.2 

Ssh 

86.2-111.0 

Cbsh 

143.5-150.0 

Sh 

150.0-174.0 

Ssh 

Suitability 

Limited 

Limited 

Unsuitable 

Unsuitable 

Suitable 

Unsuitable 

Limited 


Limiting  Factor(s) 

Salts,  %  Sodium 
%  Sodium 
%  Sodium 
%  Sodium 

%  Sodium,  Salts 
Salts,  %  Sodium 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  27 
Sheet  11  of  12 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  79-111 


Depth  (ft) 

0.0-19.8 

19.8-35.0 

35.0-56.0 

56.0-68.2 

76.8-89.0 

89.0-116.0 

116.0-124.4 

124.4-150.3 

150.3-172.3 

172.3-196.5 

196.5-208.0 

208.0-228.0 

228.0-244.7 

244.7-295.7 

295.7-315.0 

316.0-339.5 

340.3-360.0 


Type 

S  Sist,  SiSs 

Sh,  S  Sist 

S  Sist 

Cbsh 

Ss 

S  Sist,  Ss 

Sh 

S  Sist 

Cbsh 

SiSs 

Ssh 

S  Sist 

S  Sist 

Sh 

Sist 

Sh,  Sist 

Sh,  Sist 


Suitability 

Limited 

Limited 

Limited 

Limited 

Unsuitable 

Limited 

Limited 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Limiting  Factor(s) 


Texture , 

Salts 

Texture, 

Salts 

Salts 

Salts 

Texture 

Texture, 

Salts 

Texture, 

Salts 

Salts 

Texture, 

Salts 

Salts,  % 

Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium 

Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Prairie  Dog  Creek  Study  Area 
Drill  Hole  79-112 


Depth  (ft) 

Type 

Suitability 

0.0-24.0 

SiSs,  Ss 

Limited 

24.0-47.0 

Ssh 

Suitable 

47.0-73.5 

SiSs 

Suitable 

73.5-97.0 

Ssh 

Suitable 

97.0-136.0 

SiSs,  Sh 

Suitable 

188.4-214.0 

Sh,  Ss 

Limited 

Limiting  Factor(s) 
Salts 


Texture,  Salts 


Legend 


Ss  -  Sandstone 

SiSa  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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SCREENABLE  SOIL  CHARACTERIZATION 
AS  RELATED  TO 
LAND  RECLAMATION 

By 
William  B.  Peters,  Luvern  L.  Resler,  and  Robert  Vader_L' 

Soil  is  characterized  by  laboratory  methods  to  confirm  judgement  in  field 
appraisals.   There  is  a  tendency  among  most  laboratory  activities  to  "over 
test";  i.e.,  perform  too  many  or  unnecessary  tests  on  certain  soils  at  the 
expense  of  not  performing  essential  or  critical  testing  on  particular  samples. 
Also,  laboratory  activities  tend  to  emphasize  comprehensive  analyses  of  samples 
from  master  sites  and  neglect  selection,  sequence,  and  quality  control  in  mass 
testing  performed  on  a  screenable  basis.   The  latter-type  testing  is  frequently 
handled  as  routine  work  utilizing  the  least  dependable  personnel  and  considered 
not  worthy  of  competent  and  close  supervision.   Thus,  too  often  the  screenable 
laboratory  testing  becomes  a  liability  rather  than  an  asset  in  supporting  land 
classification  surveys.   Because  the  screenable  testing  represents  coverage  of 
areas  involving  a  high  sampling  density,  it  serves  as  an  extremely  important 
input  into  land  catergorizat ion.   Therefore,  it  should  be  administered  for  per- 
formance with  respect  to  both  quality  and  quantity  commensurate  with  the  goals 
and  objectives  of  the  Investigation. 

The  objective  of  characterizing  soil  and  overburden  will  be  to  support  judgment 
In  estimating  land  reclamation  potential.   (Overburden  refers  to  the  material 
consolidated  or  unconsolidated  overlying  minable  resources  In  relation  to  surface 
mining.)   Thus,  the  laboratory  analyses  must  be  performed  on  an  action  program 
basis  and  serve  a  practical  purpose.   Therefore,  It  Is  essential  the  physical 
and  chemical  characteristics  of  the  soil  and  overburden  be  appraised  In  relation 
to  edaphology;  i.e.,  a  medium  suitable  for  the  support  of  plant  growth,  rather 
than  pedology. 

Because  the  laboratory  studies  should  serve  to  support  field  appraisals,  all 
laboratory  work  should  be  closely  coordinated  with  fieldwork.   For  full  effec- 
tiveness, laboratory  studies  must  be  preceded  by  field  studies.   The  number  and 
type  of  studies  will  be  determined  by  area  conditions  -  particularly  variabi- 
lity, the  controlling  project  specifications,  and  needs.   There  should  be  a 
joint  plan  between  field  and  laboratory  investigations  prior  to  taking  of 
samples  if  maximum  utilization  of  data  is  to  be  obtained.   Problems  should  be 
studied  rather  than  standard  or  routine  tests  made  (Kellogg,  1962). 


1/  Head  and  Soil  Scientists,  respectively,  Land  Utilization  Section,  Resource 
Analysis  Branch,  Division  of  Planning  Coordination,  U.S.  Department  of  the 
Interior,  Bureau  of  Reclamation,  Denver,  Colorado,  U.S.A. 
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In  submitting  soil  samples  for  laboratory  characterizations,  the  laboratory 
should  be  furnished  with  pertinent  field  appraisals  along  with  the  tentative 
land  utilization  and  quality  designation.   The  soil  and  subsoil  samples  should 
represent  genetic  horizons  with  no  more  than  60-cm  depth  per  sample.   Substrata 
samples  should  represent  uniform  overburden  with  no  more  than  200  cm  per  sample 
unless  drill  hole  diameters  preclude  obtaining  sufficient  material  for  laboratory 
and  greenhouse  studies. 

The  first  priority  in  laboratory  characterization  should  be  accomplished  by 
direct  and  indirect  measurements  for  evaluating  soil  structure  and  its  stabil- 
ity, soil-cation-exchange  capacity  or  surface  area,  and  soil  reaction.   After 
this  is  accomplished,  then  consideration  should  be  given  to  testing  that  con- 
firms, explains  the  causes  of  phenomena  previously  observed  or  predicted, 
reveals  the  presence  of  toxic  elements  (salinity  level,  boron  content,  alkali, 
acidity,  reduction  products,  etc.),  and  indicates  what  and  how  much  is  required 
to  cope  with  the  soil  deficiency  under  eventual  field  conditions  and  the 
moisture  regimen  expected  to  prevail  (Peters,  1965). 

Based  on  present  knowledge  of  the  area,  the  support  characterizations  should 
include  field  measurements  for  water  movement  and  retention  in  soil  and  labora- 
tory determinations  for  structure  stability  (Gardner,  1945)  through  measurements 
of  floe  volume  and  hydraulic  conductivity  of  fragmented  samples;  moisture  reten- 
tivity  at  15-bars  pressure;  soil  reaction  by  measurement  of  pH  in  water  and 
neutral  salt  solution;  soil  salinity  by  measurement  of  specific  electrical  con- 
ductance of  soil-water  extracts;  soil  solution  concentration  and  composition 
including  sodium  and  calcium  plus  magnesium;  cation  exchange  capacity; 
exchangeable  cation  status;  residual  gypsum;  gypsum  requirement;  acid  soluble 
carbonates;  and  others. 

Samples  collected  in  a  reduced  state  may  be  alkaline  or  neutral  while  reduced, 
but  acid  when  oxidized.   Therefore,  we  should  be  on  the  "lookout"  for  such  con- 
ditions and  characteristics  and  assure  reduced  material  is  also  analyzed  in  an 
aerated  condition.   Samples  exhibiting  acidity  upon  oxidation  should  be  further 
analyzed  to  ascertain  reduction  products  associated  with  the  observed  phenomenon. 

Should  conventional  acidity;  i.e.,  other  than  oxidation  product,  be  encountered, 
the  testing  will  be  expanded  to  include  acidity  by  measurement  of  neutral  salt, 
exchange  acidity  including  aluminum,  titratable  acidity  (amount  of  acidity 
neutralized  at  a  selected  pH) ,  and  soluble  aluminum. 

In  screenable  testing,  the  characterization  for  moisture  retentivity  at 
pressures  less  than  15  bars  is  not  recommended  unless  a  suitable  use  can  be 
established.   Measurements  of  moisture  retentivity  at  15-bars  pressure  are 
recommended  because  water  content  at  this  potential  is  usually  correlated  with 
several  characteristics  including  amount  and  kind  of  clay,  surface  area,  and 
cation  exchange  capacity.   Moisture  percentages  at  this  potential  would  probably 
not  be  applicable  in  simulating  water  content  at  wilting  for  native  vegetation. 
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In  initial  screening,  diluted  soil-water  suspensions  may  be  substituted  for  the 
time-consuming,  saturated  soil  extracts  in  measuring  electrical  conductance  pro- 
vided limitations  are  ascertained.   The  reliability  of  higher  moisture  contents 
even  as  a  tool  in  screening  depends  on  the  kind  of  salts  present.   For  chloride 
salts,  the  results  will  be  only  slightly  affected  by  the  moisture  content,  but 
if  sulfate  or  carbonate  salts,  which  have  relatively  low  solubility,  are  present 
in  appreciable  quantities,  the  apparent  amount  of  soluble  salt  will  depend  on 
the  soil-water  ratio  (Richards,  1954). 

We  do  not  concur  in  the  practice  of  characterizing  vast  numbers  of  samples  for 
textural  class  through  measurements  of  particle-size  distribution.   This  blanket 
laboratory  analysis  for  soil  textural  class  is  neither  required  nor  desired. 
Particle-size  analysis  should  be  limited  to  master  site  characterization,  the 
occasional  confirmation  of  field  textural  appraisals,  and  the  training  of  new 
employees. 

In  the  screenable  characterization  of  samples,  a  procedure  for  the  sequence  of 
testing  and  screening  of  samples  should  encompass  the  following  phases.  Under 
Phase  1  of  the  scheme,  all  samples  would  be  characterized  for  (1)  soil  structure 
stability  thorugh  measurement  of  hydraulic  conductivity  on  a  fragmented  sample 
basis  during  the  6th  and  24th  hours  and  volume  of  wet  settled  f loccules ,  (2) 
moisture  retentivity  at  15-bars  pressure,  (3)  electrical  conductivity  of  soil- 
water  extract,  and  (4)  pH  in  water  and  in  0.01  molar  calcium  chloride  solution. 

In  the  second  phase,  selected  samples  suspected  through  the  testing  results  of 
Phase  1  to  be  salt  affected  should  be  characterized  for  electrical  conductivity 
of  the  saturation  extract  and  sodium  adsorption  ratio. 

In  the  third  phase,  selected  samples  suspected  through  the  testing  results  of 
Phase  1  and  11  to  be  salt  affected  with  respect  to  sodium  will  be  tested  for 
either  gypsum  requirement  or  residual  gypsum,  depending  on  salinity  levels  and 
associated  pH  values.   Residual  gypsum  will  be  estimated  by  measuring  calcium 
plus  magnesium  in  a  1:5  soil-water  ratio  extract  and  reported  in  milliequivalents 
per  100  grams. 

In  the  fourth  phase,  selected  samples  suspected  through  testing  results  of  Phase  1 
to  be  highly  acid  and  low  in  base  saturation  and  nonsaline  should  be  further 
characterized  for  bases  specifically  sodium  and  calcium  plus  magnesium  and  aci- 
dity including  the  aluminum  component  extractable  with  a  neutral  salt;  i.e., 
1.0N  potassium  chloride.   This  will  enable  computation  of  effective  soil-cation- 
exchange  capacity;  i.e.,  CEC  at  soil  pH  and  the  exchangeable  aluminum  percentage 
of  this  CEC. 

In  the  fifth  phase,  selected  samples  having  been  characterized  during  Phases  1, 
11,  and  IV  to  be  saline  acid  would  be  characterized  for  soluble  aluminum. 

The  above-described  characterization  program  would  not  preclude  testing  on  a 
"complete  analysis"  basis  on  samples  from  master  sites. 
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Soils  and  Water  Laboratory  Procedures  and  References 
I.   Soil  Characterization 

A.  Physical  Properties  of  Soils 

1.  Disturbed  Hydraulic  Conductivity  is  determined  by  the  use  of 
plastic  tubes  (Richards,  et  al .  ,  1954,  Diagnosis  and  Improvements 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
34bTfff-113). 

2.  Settling  Volume,  Imoff  Cones,  (Series  510  Land  Classification 
Techniques  and  Standards  517.5.7). 

3.  Particle  Size  Analyses  are  determined  by  pipeting  and  analysis 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  ~60,  41:122-123). 

4.  Particle  Density,  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis 
Part  1,  Agronomy  No.  9,  American  Society  of  Agronomy,  29:371-373), 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  AgricuTFure  "H^dbook  _No_r"60  7^9":T22~)T 

5.  Bulk  Density,  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis  Part  1, 
Agronomy  No.  9,  American  Society  of  Agronomy,  30-1:374-390), 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agr iculture llandbook  No .  T5" "38":  1 2 1-T22 )7~ 

6.  Moisture  Retention  is  determined  by  ceramic  plates  (Richards,  et  al . , 
1954,  Diagios^s^  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 

Agr i c ultur" e~Ha ndboo k  ~No  .  60 7 29 ,  30  and  ~3l7l09-l  1 0 )~. 

7.  Field  Capacity  -  field  determination. 

8.  Water  holding  capacity  -  determined  by  calculation:   field  capacity- 
wilting  point  x  bulk  density  x  48  inches  =  water  holding  capacity 
per  48  inches  of  soil. 

B.  Soluble  Cations  and  Anions 

1.   Carbonates  and  bicarbonates  are  determined  with  automated  Fisher 
titralyzer  II  by  acid  titration  and  chlorides  are  determined  with 
automated  Fisher  titralyzer  II,  Specific  Ion  (Richards,  et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handb^o¥"NoTT6'r~8"2Tl4"5:T46~and  SUTU6)~~Cc7~a7   Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  62-3.4.1:945-947  and  62-3.5.1:947-948),  (M.  J.  Taras,  et  al . , 
Standard  Methods  for  the  Examination  of_  Water  and  Wastewater; 
Thirteenth  Edition,  for  carbonate  and  bicarbonate  only  K)2 : 52-56), 
(Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964),  and  (Brown, 
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Skougstad  and  Fishman,  Techniques  of  Water  Resources  Investigation 
of  USGS,  Chapter  AI ,  "Methods  for  Collection  and  Analysis  of  Water 
Samples  for  Dissolved  Minerals  and  Gases,"  Book  5  -  Laboratory  analysis 
for  chloride  only,  p.  69). 

Phosphorus  soluble  in  sodium  bicarbonate  and  Automated  Ascorbic 
Acid  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  73-4.4:1044-1049), 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979, 
EPA-600  4-79-020,  365.1:365.1-1-365.1-9). 

Nitrate-Nitrite  are  determined  by  phenoldsulfonic  acid  and  by 
Automated  cadmium  reduction  (Richards,  et  al . ,  1954,  Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
No.  60),  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  84.5.3:1216-1219)  and 
(M.  J.  Taras,  et  al.,  Standard  Methods  for  the  Examination  of  Water 
and  Wastewater,  1971,  Thirteenth  Edition,  133:233-237),  (Methods 
for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600  4-79-020, 
353. 2:353. 2-1-353. 2-7). 

Sulfate  is   determined  by  Automated  Methyl  Thymol  Blue  and  turbidiraetric , 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600 
4-79-020,  375.2:375.2-1-375.2-4),  (M.  J.  Taras,  et  al . ,  Standard 
Methods  for  the  Examination  of  Water  and  Wastewater ,  1971 
Thirteenth  Edition,  156C:   334-336). 

Sodium,  Potassium,  Calcium  and  Magnesium  are  determined  by  Automated 
atomic  absorption  (Perkin-Elmer ,  Analytical  Method  for  Atomic 
Absorption  Spectrophotometry,  1973),  and  (Brown,  Skougstad  and  Fishman, 
Techniques  of  Water  Resources  Investigation  of  USGS ,  Cha p t e r  AI , 
"Methods  of  Collection  and  Analysis  of  Water  Samples  for  Dissolved 
Minerals  and  Gases,"  Book  5  -  Laboratory  Analysis,  66,  109,  133  and  143). 


Trace  Metals 


Trace  Metals  are  determined  by  atomic  absorption  with  flame  or  graphite 
furnace  (Perkin-Elmer ,  Analytical  Method  for  Atomic  Absorption 
Spectrophotometry,  1973),  (Brown,  Skougstad  and  Fishman,  Techniques 
of  Water  Resources  Investigation  of  USGS,  Chapter  AI ,  "Methods  for 
Collection  and"  Analysis  of  Water  Samples  for  Dissolved  Minerals  and 
Gases,"  Book  5  -  Laboratory  Analysis,  50-157),  (M.  J.  Taras,  et  al . , 
Standard  Methods  for  the  Examination  of  Water  and  Wastewater ,  1971 
Thirteenth  Edition),  and  (Methods  for  Chemical  Analysis  of  Water 
and  Wastes,  1979  EPA-600-4-79-020) . 


D.   Chemical  Soil  Characterization 

1.   pH  reading  of  1:5  Soil  Suspension  (Richards,  et  al.,  1954,  Diagnosis 
and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
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No.  60,  21b:  102),  (C.  A.  Black,  et  al .  ,  Me^hoj^^o^So^^Analysis, 
Part  2  Agronomy  No.  9,  American  Society  of  Agronomy  60-3.4:922-923) 
and  (Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964). 


2.  pH  reading  in  CaCl2  Solution  (C.  A.  Black,  et  al . ,  Methods  of  Soil 
Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy 
60^3.5:923). 

3.  Saturation  Extract  taken  from  saturated  soil  paste  using  Bariod  filter 
press  and  measuring  soluble  salts  by  use  of  electrode  conductivity 
bridge  (Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  2  and  3:84-88, 
27:107  and  4:89-90),  (C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  62-1:933-988) 
and  (Bear,  et  al . ,  Chemical  Analysis  of  Soils,  1964). 

4.  Exchangeable  Sodium  and  Potassium  are  extracted  by  ammonium  acetate 
solution.   Cation-Exchange  Capacity  determined  using  Sodium  Acetate 

as  index  ion  and  follow  with  Ammonium  Acetate  (Richards,   et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  18:100-101  and  19:101)  and  (C.  A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9  American  Society  of 
Agronomy  72-3:1033,  72^3.2.1:1034  and  57-1:891-895). 

5.  Exchangeable  Sodium  Percentage  is  determined  by  calculation  relationship 

being  NfL  x  100  (Richards,  et  al .  ,  1954,  Diagnosis  and  Improvement 
CEC  

of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  20a: 101). 

6.  Gypsum  determined  by  increase  in  soluble  calcium  plus  magnesium  content 
upon  dilution  (Richards,  et  al .  ,  1954,  Diagnosis  and  Improvement  of 
Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No  7~60~ 22c :  10~4)  . 

7.  Gypsum  Requirement  (Richards,  et  al .  ,  1954,  Diagnosis  and  Improvement 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
22d:104-105). 

8.  Boron  was  determined  by  extraction  with  hot  water  (C.  A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  75-4:1062-1063  and  62-3.6  949-951). 

9.  Percent  Organic  Carbon  is  determined  with  Technicon  Auto  Analyzer  II. 

10.  Total  Carbonate  expressed  as  %  calcium  carbonate,  acid-neutralization, 
(C.  A.  Black,  et  al . ,  Methods  of  Soil  Analysis  Part  2,  Agronomy  No.  9, 
American  Society  of  Agronomy,  91-4:1387-1388),  (Richards  et  al . ,  1954 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  23c: 105-106) . 

11.  SAR  (sodium  adsorption  ratio)  determined  by  calculation: 
SAR  =  Na/  V(Ca  +  Mg)/2;  Ca,  Mg,  and  Na  in  meq/1. 
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GLOSSARY 

Alluvium  -  A  general  term  for  clay,  silt,  sand,  gravel,  or  similar 

unconsolidated  detrital  material  deposited  by  a  stream  or  other  body 

of  running  water  as  a  sorted  or  semi  sorted  sediment  in  the  bed  of  the 

stream  or  on  its  flood  plain  or  delta,  or  as  a  cone  or  fan  at  the  base 
of  a  mountain  slope. 

Annual  Plant  (annuals)  -  A  plant  that  completes  its  life  cycle  and  dies  in 
1  year  or  less. 

Aspect  -  The  direction  toward  which  a  slope  faces.   Exposure. 

Available  Nutrient  -  The  part  of  the  supply  of  a  plant  nutrient  in  the  soil 
that  can  be  taken  up  by  plants  at  rates  and  in  amounts  significant  to 
plant  growth. 

Available  Water  -  The  part  of  the  water  in  the  soil  that  can  be  taken  up  by 
plants  at  rates  significant  to  their  growth.   Usable:   obtainable. 

Bedrock  -  Any  consolidated  material  (shale,  sandstone,  etc.)  soft,  weathered 
or  hard  that  has  remained  in  place  and  is  relatively  unchanged. 

Broadcast  Seeding  -  Scattering  seed  on  the  surface  of  the  soil.   Contrast 
with  drill  seeding  which  places  the  seed  in  rows  in  the  soil. 

Buffer  -  Substances  in  soil  or  water  that  act  chemically  to  resist  changes 
in  reaction  of  pH. 

Calcareous  Soil  -  Soil  containing  sufficient  calcium  carbonate  (often  with 
magnesium  carbonate)  to  effervesce  visibly  when  treated  with  cold 
0.1  normal  hydrochloric  acid. 

Capillary  Water  -  The  water  held  in  the  "capillary"  or  small  pores  of  a 
soil,  usually  with  tension  greater  than  60  centimeters  of  the  water. 
Much  of  this  water  is  considered  to  be  readily  available  to  plants. 

CFS ,  Cubic  feet  per  second  -  measurement  of  water  flow. 

Channel  Stabilization  -  Erosion  prevention  and  stabilization  of  velocity 

distribution  in  a  channel,  using  jetties,  drops,  revetments,  vegetation, 
and  other  measures. 

Clay  (soils)  -  (1)  A  mineral  soil  separate  consisting  of  particles  less  than 
0.002  millimeter  diameter.   (2)  A  soil  textural  class.   (3)  (engineering) 
A  fine-grained  soil  that  has  a  high  plasticity  index  in  relation  to 
the  liquid  limits. 

Colluvium  -  A  general  term  applied  to  loose,  heterogeneous  (mixed)  deposits 
of  soil  material  and/or  rock  fragments  near  the  base  of  rather  steep 
slopes.   The  deposits  have  accumulated  through  mass  wasting  (slides), 
soil  creep,  and  local  wash. 
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Compaction  -  The  closing  of  the  pore  spaces  among  the  particles  of  soil 

and  rock,  generally  caused  by  running  heavy  equipment  over  the  area, 

as  in  the  process  of  leveling  the  overburden  material  of  strip  mine 
banks . 

Companion  Crop  -  (See  Nurse  Crop). 

Conifer  -  A  tree  belonging  to  the  order  Coniferae,  usually  evergreen  with 
cones  and  needle-shaped  or  scale-like  leaves  and  producing  wood  known 
commercially  as  "softwood." 

Contour  -  An  imaginary  line  connecting  points  of  equal  height  above  sea 
level  as  they  follow  the  relief  of  the  terrain. 

Cool-Season  Plant  -  A  plant  that  makes  its  major  growth  during  the  cool 
portion  of  the  year,  primarily  in  the  spring  but  in  some  localities 
in  the  winter. 

Deciduous  -  Refers  to  a  tree  that  sheds  all  its  leaves  every  year  at  a 
certain  season. 

Deep  Chiseling  -  Deep  chiseling  is  a  surface  treatment  that  loosens  compacted 
spoils.   The  process  creates  a  series  of  parallel  slots  on  the  contour 
in  the  spoils  surface  which  impedes  water  flows  and  markedly  increases 
infiltration. 

Density,  Forage  -  The  percent  of  ground  surface  which  appears  to  be  completely 
covered  by  vegetation  when  viewed  directly  from  above. 

Density,  Stand  -  Density  of  stocking  expressed  in  number  of  trees  per  acre. 

Dissolved  Solids  -  The  difference  between  the  total  and  suspended  solids 
in  water. 

Disturbed  Land  -  Land  on  which  excavation  has  occurred  or  upon  which  over- 
burden has  been  deposited,  or  both. 

Dozer  or  Bulldozer  -  Tractor  with  a  steel  plate  or  blade  mounted  on  the 
front  end  in  such  a  manner  that  it  can  be  used  to  cut  into  earth  or 
other  material  and  move  said  material  primarily  forward  by  pushing. 

Ecology  -  The  science  that  deals  with  the  mutual  relation  of  plants  and 
animals  to  one  another  and  to  their  environment. 

Ecosystem  -  A  total  organic  community  in  a  defined  area  or  time  frame. 

Effective  Precipitation  -  That  portion  of  total  precipitation  that  becomes 
available  for  plant  growth.   It  does  not  include  precipitation  lost 
to  deep  percolation  below  the  root  zone  or  to  surface  runoff. 

Effluent  -  Any  water  flowing  out  of  the  ground  or  from  an  enclosure  to  the 
surface  flow  network. 
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Environment  -  All  external  conditions  that  may  act  upon  an  organism  or  soil 
to  influence  its  development,  including  sunlight,  temperature,  moisture 
and  other  organisms. 

Erodibility  -  The  relative  ease  with  which  one  soil  erodes  under  specified 
conditions  of  slope  as  compared  with  other  soils  under  the  same 
conditions;  this  applies  to  both  sheet  and  gully  erosion. 

Erosion  -  The  wearing  away  of  the  land  surface  by  running  water,  wind,  ice, 
or  other  geological  agents,  including  such  processes  as  gravitational 
creep.   Detachment  and  movement  of  soil  or  rock  fragments  by  water, 
wind  or  ice,  or  gravity. 

Essential  Element  (plant  nutrition)  -  A  chemical  element  required  for  the 
normal  growth  of  plants. 

Evapotranspiration  -  A  collective  term  meaning  the  loss  of  water  to  the 
atmosphere  from  both  evaporation  and  transpiration  by  vegetation. 

Excavation  -  The  act  of  removing  overburden  material. 

Fertilizer  -  Any  natural  or  manufactured  material  added  to  the  soil  in  order 
to  supply  one  or  more  plant  nutrients. 

Fertilizer  Grade  -  The  guaranteed  minimum  analysis  in  whole  numbers,  in 

percent,  of  the  major  plant  nutrient  elements  contained  in  a  fertilizer 
material  or  in  a  mixed  fertilizer.   For  example,  a  fertilizer  with  a 
grade  of  20-10-5  contains  20  percent  nitrogen  (N) ,  10  percent  available 
phosphoric  acid  (P2O5),  ar>d  5  percent  water  soluble  potash  (K2O). 
Minor  elements  may  also  be  included.   Recent  trends  are  to  express  the 
percentages  in  terms  of  the  elemental  fertilizer  [nitrogen  (N) , 
phosphorous  (P),  and  potassium  (K)]. 

Fill  -  Depth  to  which  material  is  to  be  placed  (filled)  to  bring  the  surface 
to  a  predetermined  grade.   Also,  the  material  itself. 

Forage  -  Unharvested  plant  material  which  can  be  used  as  feed  by  domestic 
animals.   Forage  may  be  grazed  or  cut  for  hay. 

Forest  Land  -  Land  bearing  a  stand  of  trees  at  any  age  or  stature,  including 
seedlings  and  of  species  attaining  a  minumum  of  6    feet  average  height 
at  maturity  or  land  from  which  such  a  stand  has  been  removed  but  on  which 
no  other  use  has  been  substituted.   The  term  is  commonly  limited  to  land 
not  in  farms;  forests  on  the  farms  are  commonly  called  woodland  or  farm 
forests . 

Germination  -  Sprouting;  beginning  of  growth. 

Gradation  -  A  term  used  to  describe  the  series  of  sizes  into  which  a  soil 
sample  can  be  divided. 

Grain  Size  -  Physical  size  of  soil  particle,  usually  determined  by  either 
sieve  or  hydrometer  analysis. 
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Ground  Cover  -  Any  living  or  dead  vegetative  material  producing  a  protective 
mat  on  or  just  above  the  soil  surface. 

Ground  Water  -  Subsurface  water  occupying  the  saturation  zone,  from  which 
wells  and  springs  are  fed.   In  a  strict  sense  the  term  applies  only  to 
water  below  water  table.   Also  called  plerot  ic  water;  phreatic 
water. 

Growing  Season  -  Determined  by  the  Lowery-Johnson  Method. 

Gully  Erosion  -  Removal  of  soil  by  running  water  with  formation  of  deep 

channels  that  cannot  be  smoothed  out  completely  by  normal  cultivation. 

Hydroseeding  -  Dissemination  of  seed  hydraulically  in  a  water  medium. 
Mulch,  lime,  and  fertilizer  can  be  incorporated  into  the  sprayed 
mixture . 

Impervious  -  Prohibits  fluid  flow. 

Infiltration  -  The  downward  entry  of  water  into  the  land  surface. 

Intermittent  Stream  -  A  stream  or  portion  of  a  stream  that  flows  only  in 
direct  response  to  precipitation.   It  receives  little  or  no  water 
from  springs  and  is  dry  for  a #large  part  of  the  year. 

Land  Classification  -  Classification  of  specific  bodies  of  land  according 
to  their  characteristics  or  to  their  capabilities  for  use.   A  use 
capability  classification  may  be  defined  as  one  based  on  both  physical 
and  economic  considerations  according  to  their  capabilities  for  man's 
use,  with  sufficient  detail  of  categorical  definition  and  cartographic 
(mapping)  expression  to  indicate  those  differences  significant  to  men. 

Land  Use  Planning  -  The  development  of  plans  for  the  uses  of  land  that,  over 
long  periods,  will  best  serve  the  genera]  welfare,  together  with  the 
formulation  of  ways  and  means  for  achieving  such  uses. 

Leaching  -  The  removal  of  materials  in  solution  by  the  passage  of  water 
through  soil. 

Leachate  -  Liquid  that  has  percolated  through  a  medium  and  has  extracted 
dissolved  or  suspended  materials  from  it. 

Legume  -  A  member  of  the  legume  or  pulse  family,  leguminosae.   One  of  the 
most  important  and  widely  distributed  plant  families.   Includes  many 
valuable  food  and  forage  species,  such  as  the  peas,  beans,  peanuts, 
clovers,  alfalfas,  sweet  clovers,  lespedezas,  vetches  and  kudzu. 
Practically  all  legumes  are  nitrogen-fixing  plants. 

Lime  -  From  strictly  chemical  standpoint,  refers  to  only  one  compound, 
calcium  oxide  (CaO);  however,  the  term  lime  is  commonly  used  in 
agriculture  to  include  a  great  variety  of  materials  which  are  usually 
composed  of  the  oxide,  hydroxide,  or  carbonate  of  calcium  or  of 
calcium  and  magnesium.   The  most  commonly  used  forms  of  agricultural 
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lime  are  ground  limestone,  marl,  and  oyster  shells  (carbonates), 
hydrated  lime  (hydroxides),  and  burnt  lime  (oxides). 

Quicklime  -  limestone  +  heat  (calcined),  CaO 

Hydrated  Line  -  quicklime  +  H2O    Ca(0H)2 

Slaked  lime  -  same  as  hydrated  but  slaking  equipment  is  used 

for  adding  water 
Milk  of  lime  -  water  mixture  containing  lime  in  solution  +  lime 
in  suspension 

Micro-Climate  -  A  local  climatic  condition  near  the  ground  resulting  from 
modification  of  relief,  exposure,  or  cover. 

Micro-Nutrients  -  Nutrients  in  only  small,  trace,  or  minute  amounts. 

Mined-Land  -  Land  with  new  surface  characteristics  due  to  the  removal  of 
mineable  commodity  by  surface  mining  methods  and  subsequent  surface 
reclamation. 

Mulch  -  A  natural  or  artificial  layer  of  plant  residue  or  other  materials 
placed  on  the  soil  surface  to  protect  seeds,  to  prevent  blowing,  to 
retain  soil  moisture,  to  curtail  erosion,  and  to  modify  soil  temperature. 

Natural  Revegetation  -  Natural  reestablishment  of  plants;  propagation  of 
new  plants  over  an  area  by  natural  processes. 

Natural  seeding  (Volunteer)  -  Natural  distribution  of  seed  over  an  area. 

Neutralization  -  The  process  of  adding  an  acid  or  alkaline  material  to 
water  or  soil  to  adjust  its  pH  to  a  neutral  position. 

Neutral  Soil  -  A  soil  in  which  the  surface  layer,  at  least  from  normal  plow 
depth,  is  neither  acid  nor  alkaline  in  reaction.   For  most  practical 
purposes,  soil  with  a  pH  ranging  from  6.6  through  7.3. 

Nitrogen  Fixation  -  The  conversion  of  atmospheric  (free)  nitrogen  to  nitrogen 
compounds.   In  soils  the  assimilation  of  free  nitrogen  from  the  air  by 
soil  organisms  (making  the  nitrogen  eventually  available  to  plants). 
Nitrogen  fixing  organisms  associated  with  plants  such  as  the  legumes 
are  called  symbiotic;  those  not  definitely  associated  with  plants  are 
called  nonsymbiotic . 

Nurse  Crop  -  A  planting  or  seeding  that  is  used  to  protect  a  tender  species 
during  its  early  life.   A  nurse  crop  is  usually  temporary  and  gives  away 
to  the  permanent  crop.   Sometimes  referred  to  as  a  companion  crop. 

Nutrients  -  Any  element  taken  into  a  plant  that  is  essential  to  its  growth. 

Overburden  -  Barren  rock  material,  usually  unconsolidated,  overlying  a 
mineral  deposit  and  which  must  be  removed  prior  to  mining. 


Exhibit  3 
Sheet  6  of  10 


Percolation  -  Downward  movement  of  water  through  soils. 

Permeability  -  The  measure  of  the  capacity  for  transmitting  a  fluid  through 
the  substance.   In  this  report  the  substance  is  overburden  (soil  and 
bedrock)  . 

pH  -  The  symbol  or  term  refers  to  a  scale  commonly  used  to  express  the 
degrees  of  acidity  or  alkalinity.   On  this  scale  pH  of  1  is  the 
strongest  acid,  pH  of  14  is  the  strongest  alkali,  pH  of  7  is  the  point 
of  neutrality  at  which  there  is  neither  acidity  or  alkalinity.   pH  is 
not  a  measure  of  the  weight  of  acid  or  alkali  contained  in  or  available 
in  a  given  volume  (-Log  of  H+  activity). 

Pollution  -  Environmental  degradation  resulting  from  man's  activities  or 
natural  events. 

Pond  -  A  body  of  water  of  limited  size  either  naturally  or  artificially 
confined  and  usually  smaller  than  a  lake. 

Rain  -  ( 1)  Heavy — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  in  excess  of  0.30  in.  per  hr  (over  0.03  inch  in  6  min). 

(2)  Light — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  a  trace  and  0.10  in.  per  hr  (0.01  inch  in  6  min). 

(3)  Moderate — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  0.11  in.  per  hr  (0.01+  inch  in  6  min)  and  0.30  in. 
per  hr  (0.03  inch  in  6  min). 

Range  Land  -  The  natural  vegetation  is  predominantly  grasses,  grasslike 
plants,  f orbs ,  or  shrubs. 

Percolation  Rate  -  Usually  expressed  as  a  velocity,  at  which  water  moves 
through  saturated  granular  material.   The  term  is  also  applied  to 
quantity  per  unit  or  time  of  such  movement,  and  has  been  used  erroneously 
to  designate  infiltration  rate  or  infiltration  capacity. 

Reclamation  -  The  process  of  reconverting  mined  land  to  its  former  or  other 
productive  uses. 

Reconstructed  Profile  -  The  result  of  selective  placement  of  suitable  overburden 
material  on  reshaped  spoils. 

Recreation  Land  -  Land  and  water  used,  or  usable  primarily  as  sites  for  outdoor 
recreation  facilities  and  activities. 

Reforestation  -  The  natural  or  artificial  restocking  of  an  area  with  forest 
trees . 

Regrading  -  The  movement  of  earth  over  a  depression  to  change  the  shape  of 
the  land  surface.   A  finer  form  of  backfilling. 

Rehabilitation  -  Implies  that  the  land  will  be  returned  to  a  form  and 
productivity  in  conformity  with  a  prior  land  use  plan,  including  a 
stable  ecological  state  that  does  not  contribute  substantially  to 
environmental  deterioration  and  is  consistent  with  surrounding 
aesthetic  values. 
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Revegetation  -  The  reestablishment  of  a  vegetative  cover  following  land 
disturbance . 

Ripping  -  The  act  of  breaking,  with  a  tractor-drawn  ripper  or  long  angled 
steel  tooth,  compacted  spoils  or  rock  into  pieces  small  enough  to  be 
economically  excavated  or  moved  by  other  equipment  as  a  scraper  or 
dozer . 

Runoff  -  That  portion  of  the  rainfall  that  is  not  absorbed  by  the  deep 

strata:   is  utilized  by  vegetation  or  lost  by  evaporation  or  may  find 
its  way  into  streams  as  surface  flow. 

Saline-Sodic  Soil  -  A  soil  having  a  combination  of  a  harmful  quantity  of 
soluble  salts  and  either  a  high  degree  of  sodicity  or  a  high  amount 
of  exchangeable  sodium,  or  both,  so  distributed  in  the  soil  profile 
that  the  growth  of  most  crop  plants  is  less  than  normal. 

Saline  Soil  -  A  soil  containing  enough  soluble  salts  to  impair  its  productivity 
for  plants  but  not  containing  an  excess  of  exchangeable  sodium. 

Sandstone  -  A  cemented  or  otherwise  compacted  detrital  sediment  composed 
predominantly  of  quartz  grains,  the  grades  of  the  latter  being  those 
of  sand. 

Saturation  -  Completely  filled;  a  condition  reached  by  a  material,  whether 
it  be  in  solid,  gaseous,  or  liquid  state,  which  holds  another  material 
within  itself  in  a  given  state  in  an  amount  such  that  no  more  of  such 
material  can  be  held  within  it  in  the  same  state.   The  material  is  then 
said  to  be  saturated  or  in  a  condition  of  saturation. 

Sediment  -  Solid  material,  both  mineral  and  organic,  that  is  in  suspension, 

is  being  transported,  or  has  been  moved  from  its  site  of  origin  by 

air,  water,  gravity,  or  ice  and  has  come  to  rest  on  the  earth's  surface 
either  above  or  below  sea  level. 

Sediment  Basin  -  A  reservoir  for  the  confinement  and  retention  of  silt, 
gravel,  rock,  or  other  debris  from  a  sediment-producing  area. 

Seedbed  -  The  soil  prepared  by  natural  or  artificial  means  to  promote  the 
germination  of  seed  and  growth  of  seedlings. 

Seep  -  A  more  or  less  poorly  defined  area  where  water  oozes  from  the  earth 
in  small  quantities. 

Shale  -  Sedimentary  or  stratified  rock  structure  generally  formed  by  the 
consolidation  of  clay  or  clay-like  material. 

Silt  -  Small  mineral  soil  grains,  the  particles  of  which  range  in  diameter 
from  0.05  to  0.002  mm  (or  0.02-0.002  mm  in  the  international  system). 
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Soil  (See  Acid  Soil  and  Alkaline  Soil)  -  Surface  layer  of  the  earth,  ranging 
in  thickness  from  a  few  inches  to  several  feet  composed  of  finely 
divided  rock  debris  mixed  with  decomposing  vegetative  and  animal  matter 
which  is  capable  of  supporting  plant  growth. 

Soil  Amendment  -  Any  substance  used  to  alter  one  or  more  of  the  many  soil 
properties.   These  include  soil  conditioning  agents,  fertilizers,  lime 
and  manures,  to  name  a  few. 

Soil  Conserving  Crops  -  Crops  that  prevent  or  retard  erosion  and  maintain 
or  replenish  rather  than  deplete  soil  organic  matter. 

Soil  Porosity  -  The  degree  to  which  the  soil  mass  is  permeated  with  pores 
or  cavities.   It  is  expressed  as  the  percentage  of  the  whole  volume 
of  the  soil  which  is  unoccupied  by  solid  particles. 

Soil  Profile  -  A  vertical  section  of  the  soil  through  all  its  horizons  and 
extending  into  the  parent  material. 

Soil  Structure  -  The  combination  or  arrangement  of  primary  soil  particles 
into  secondary  particles,  units,  or  peds. 

Solum  -  The  upper  part  of  a  soil  profile,  above  the  parent  material,  in 

which  the  processes  of  soil  formation  are  active.   The  solum  in  natural 
soils  includes  the  A  and  B  hor.izons.   Usually  the  characteristics  of 
the  material  in  these  horizons  are  quite  unlike  those  of  the  underlying 
parent  material.   The  living  roots  and  other  plant  life  and  animal  life 
characteristic  of  the  soil  are  largely  confined  to  the  solum. 

Spoil  -  The  overburden  or  non-coal  material  removed  in  gaining  access  to  the 
coal  or  mineral  material  in  surface  mining. 

Spoil  Bank  (Spoil  Pile)  -  Area  created  by  the  deposited  soil  or  overburden 
material  prior  to  backfilling.   Also  called  cast  overburden. 

Stratified  -  Composed  of,  or  arranged  in,  strata  or  layers,  as  stratified 
alluvium.   The  term  is  applied  to  geological  materials.   Those  layers 
in  soils  that  are  produced  by  the  processes  of  soil  formation  are 
called  horizons,  while  those  inherited  from  parent  material  are  called 
strata. 

Strip  -  To  mine  a  deposit  by  first  taking  off  the  overlying  burden. 

Stripping  -  The  removal  of  earth  or  non-ore  rock  materials  as  required  to 
gain  access  to  the  ore  or  mineral  materials  wanted.   The  process  of 
removing  overburden  or  waste  material  in  a  surface  mining  operation. 

Subsoil  -  The  B  horizon  of  soils  with  distinct  profiles.   In  soils  with  weak 
profile  development,  the  subsoil  can  be  defined  as  the  soil  below  the 
plowed  soil  (or  its  equivalent  of  surface  soil)  in  which  roots  normally 
grow.   Although  a  common  term,  it  cannot  be  defined  accurately.   It 
has  been  carried  over  from  early  days  when  "soil"  was  conceived  only 
as  the  plowed  soil  and  that  under  it  as  "subsoil." 
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Substratum  -  Alluvial,  colluvial,  glacial,  or  bedrock  material  that  underlies 
the  soil  profile. 

Surface  Mining  -  Refers  to  a  procedure  of  mining  which  entails  the  complete 
removal  of  all  material  from  over  the  resource  to  be  mined  in  a  series 
of  rows  or  strips;  also  referred  to  as  "strip  mining." 

Surface  Soil  -  The  upper  part  of  arable  soils  commonly  stirred  by  tillage 
implements  or  an  equivalent  depth  (5  to  8  minches)  in  non-arable  soils. 

Suspended  Soilids  -  Sediment  which  is  in  suspension  in  water  but  which  will 
physically  settle  out  under  quiescent  conditions  (as  differentiated 
from  dissolved  material). 

Terrace  -  Sloping  ground  cut  into  a  succession  of  benches  and  steep  inclines 
for  purposes  of  cultivation  or  to  control  surface  runoff  and  minimize 
soil  erosion. 

Terraced  Slope  -  A  slope  that  is  intersected  by  one  or  more  terraces. 

Texture  (Soils)  -  Refers  to  the  fineness  or  coarseness  of  a  soil.   Specifically, 
it  refers  to  the  relative  proportions  of  the  various  soil  separates 
(sand,  silt,  clay)  in  a  given  soil. 

Topdressing  Material  -  Material  that  is  well  suited  for  plant  media.   Desired 
characteristics  include:   fertile,  good  tilth,  permeable,  contains 
organic  matter,  nonsaline,  nonsodic  and  has  water  stable  aggregates. 

Tilth  -  The  physical  condition  of  a  soil  in  respect  to  its  fitness  for  the 
growth  of  a  specified  plant. 

Topography  -  The  shape  of  the  ground  surface,  such  as  hills,  mountains,  or 

plains.   Steep  topography  indicates  steep  slopes  or  hilly  land;  flat 

topography  indicates  flat  land  with  minor  undulations  and  gentle 
slopes . 

Toxic  Spoil  (See  also  Acid  Spoil)  -  Includes  acid  spoil  with  pH  below  4.0. 
Also  refers  to  spoil  containing  excessive  levels  of  exhangeable  sodium 
or  trace  elements  (i.e.,  selenium,  lead,  etc.). 

Transpiration  -  The  normal  loss  of  water  vapor  to  the  atmosphere  from  plants. 

Unconsolidated  (soil  material)  -  Soil  material  in  a  form  of  loose  aggregation. 

Vegetation  -  General  term  including  grasses,  legumes,  shrubs,  and  trees 
naturally  occurring  and  planted  intentionally. 

Vegetative  Cover  -  The  entire  vegetative  canopy  on  an  area. 

Volunteer  -  Springing  up  spontaneously  or  without  being  planted;  a  volunteer 
plant . 
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Weathering  -  The  group  of  processes,  such  as  chemical  action  of  air  and 
rainwater  and  of  plants  and  bacteria  and  the  mechanical  action  of 
changes  in  temperature,  whereby  rocks,  on  exposure  to  the  weather, 
change  in  character,  decay,  and  finally  crumble. 

Wildlife  -  Undomesticated  vertebrate  animals,  except  fish,  considered 
collectively. 
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"Problem  Identification  Categories"  -  Soils 


Problem 

Identification 

Sample 

Categories 

Number 

1 

T267 

T253 

2 

T268 

T260 

3 

T278 

T273 

T285 

4 

T270 

T271 

T272 

5 

T274 

T280 

T279 

T286 

T289 

6 

T290 

T291 

7 

T292 

T269 

T293 

T264 

8 

T265 

T262 

9 

T276 

T254 

10 

T281 

T283 

T282 

11 

T261 

T266 

Characteristics 


Low  P 


Low  Zn  and  P 


Low  P,  fair  texture 


Low  P,  EC  poor 


Low  P,   K  and  Zn,   fair  texture 


Low  P,   K  and  Zn,   phi  fair 


Low  Zn  or  Cu  and  P  or  K, 
EC  marginal 


Low  Zn,  Cu,  K,  and  P  or  K 


Low  Zn,  P,  and  K;  EC  poor; 
fair  texture 

Low  Zn,  P  and  K;  EC  poor; 
poor  texture 


Low  Zn,  Fe,  Cu,  P  and  K;  pH  fair 


'Problem  Identification  Categories"  -  Soils 
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Problem 

Identification    Sample 

Categories       Number 


Characterise  cs 


12 

13 

14 

15 

16 
17 

18 

19 

20 
21 


T263 
T288 
T287 
T277 

T284 

T259 
T258 

T275 
T255 

T256 
T257 


Low  P,  K,  Zn  and  Cu;  EC  marginal; 
pH  fair 

Low  Zn  and  P;  pH  fair;  EC  unsuit- 
able; fair  texture 

Low  Zn  and  P;  pH  fair;  EC  marginal; 
fair  texture 

Low  Fe,  Zn,  Cu,  P  and  K;  EC 
marginal;  fair  texture 

Low  Zn,  K;  EC  marginal,  poor  texture 

Low  P  or  K  and  Zn,  EC  unsuitable; 
fair  texture 

pH  fair;  low  Zn  and  P;  ESP 
marginal;  fair  texture 

pH  fair,  low  Zn ,  P  and  K; 
EC  poor;  ESP  nonacceptable; 
fair  texture 

pH  fair;  low  Zn,  P  and  K, 
EC  unsuitable;  fair  texture 

Low  Zn,  P  and  K;  EC  unsuitable; 
ESP  marginal,  fair  texture 
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Description  of  Soil  "Problem  Area  Groups" 


Problem  Areas 


1.   Fertility 


Description  and  basis  for  suitable  ratings 


This  group  includes  problem  identification  categories 
1,  2,  and  8.   P  deficiency  along  or  in  combination 
with  low  Zn,  Cu,  or  K  affect  these  materials  as  a 
plant  growth  media.   These  materials  are  suitable  as 
plant  media  if  fertilizers  are  added  to  amend  the 
deficiencies . 


2.   Fertility, 
fair  texture 


3.   Fertility, 
pH  fair 


Fertility, 
salinity  marginal 


This  group  includes  problem  identification  categories 
3  and  5.   Silty  clay  loam  or  clay  loam  textures  along 
with  P  and/or  Zn  and/or  K  deficiencies  characterize 
this  group.   These  materials  are  suitable  as  plant 
growth  media  if  fertilizers  are  utilized  and  erosion 
control  measures  are  implemented  which  would  reduce 
the  erosion  potential  of  these  materials. 

This  group  includes  problem  identification  categories 
6  and  11.   Moderately  high  (8.4-8.8)  pH  values 
together  with  combinations  of  potential  P,  K,  Zn,  Cu, 
and  Fe  deficiencies  characterize  these  soils.   The 
materials  are  suitable. 

This  group  includes  problem  identification  category 
7.   These  materials  are  characterized  by  Zn  or  Cu 
and  P  or  K  deficiencies  and  moderate  salinity  levels. 
These  materials  are  classified  as  suitable. 


6. 


Fertility, 
poor  salinity 
fair  texture 


Fertility, 
poor  salinity, 
poor  texture 


This  group  includes  problem  identification  category 
9.   These  materials  are  characterized  by  low  P,  Zn, 
and  K,  high  salinity  and  fair  texture.   These  materials 
are  classed  as  questionable  due  to  their  high  salinity 
content  which  may  affect  plant  growth. 

This  group  includes  problem  identification  category 
10  which  is  characterized  by  potential  Zn,  P,  and  K 
deficiencies  along  with  high  salinity  and  poor  texture. 
Due  to  these  materials'  extremely  erosive  nature  and 
very  slow  infiltration  rates,  they  would  be  classed 
as  unsuitable. 


7.   Fertility, 

salinity  marginal, 
pH  fair 


This  group  includes  problem  identification  category 
12.   The  materials  are  characterized  by  potentially 
deficient  levels  of  Zn,  K,  P,  and  Cu  along  with 
moderate  salinity  levels  and  pH.   These  materials 
are  classed  as  suitable. 


Fertility, 
fair  texture, 
salinity  unsuitable 
pH  fair 


This  group  includes  problem  identification  category 
13  which  is  characterized  by  low  Zn  and  P  levels, 
fair  pH  and  texture  and  unsuitable  salinity.   These 
materials  are  classed  unsuitable. 
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Description  of  Soil  "Problem  Area  Groups" 


Problem  Areas 


9. 


10. 


Fertility 
fair  texture, 
pH  fair, 
salinity  marginal 


Fertility, 
marginal  salinity, 
fair  texture 


11.   Fertility, 

marginal  salinity, 
poor  texture 


Description  and  basis  for  suitability  ratings 


This  group  includes  problem  identification  category 
14  which  is  characterized  by  low  Zn  and  P  levels, 
fair  pH,  marginal  salinity,  and  fair  textures.   These 
materials  are  classed  as  questionable  due  to  the 
erosiveness  associated  with  their  silty  clay  loam 
textures. 

This  group  includes  problem  identification  category 

15.  Potentially  low  levels  of  P,  K,  Zn,  Cu,  and 
Fe  along  with  moderate  salinity  and  fair  textures 
characterize  these  materials  and  make  then  question- 
able as  plant  growth  media. 

This  group  includes  problem  identification  category 

16.  Potentially  low  levels  of  Zn  and  K  with  moderate 
salinity  and  poor  textures  characterize  these 
materials  and  make  them  questionable  as  plant  growth 
media. 


12. 


13. 


14, 


Fertility, 
salinity  unsuitable 
fair  texture 

Fertility, 
ESP  marginal, 
pH  fair, 
fair  texture 


Fertility, 
poor  salinity, 
unacceptable  ESP, 
fair  texture 


This  group  includes  problem  identification  category 
17  which  is  classed  as  unsuitable  as  a  plant  growth 
media  due  to  unsuitable  salinity. 

This  group  includes  problem  identification  category 
18.   These  materials  are  characterized  by  potentially 
deficient  levels  of  P  and  Zn  along  with  marginal 
ESP  (10.0)  and  fair  texture.   The  moderately  high 
sodium  level,  together  with  the  clay  loam  texture 
of  the  material,  may  reduce  infiltration  and  increase 
runoff  and  erosion.   As  a  result  of  this  potential, 
the  materials  are  classed  questionable. 

This  group  includes  problem  identification  category 
19  which  is  characterized  by  having  potentially 
deficient  levels  of  P,  K,  and  Zn,  high  salinity  and 
sodium.   Due  to  the  depressing  effects  of  high 
salinity  on  plant  growth  and  high  sodium  on  physical 
conditions  of  the  materials  this  is  classed 
unsuitable. 


15.   Fertility, 
pH  fair, 

unsuitable  salinity, 
fair  texture 


16.   Fertility, 

unsuitable  salinity, 
ESP  marginal, 
fair  texture 


This  group  includes  problem  identification  category 

20  which  is  characterized  by  potential  deficiency 
of  P,  K,  and  Zn,  high  salinity  and  fair  texture. 
The  materials  would  be  classed  as  unsuitable  due  to 
the  high  salinity  levels. 

This  group  includes  problem  identification  category 

21  which  is  characterized  by  moderate  sodium  and 
high  salinity  levels.   These  problems,  together  with 
potential  fertility  problems,  result  in  an  unsuitable 
rating  as  plant  growth  media. 


Table  32 


Summary  of  Suitability  Ratings  Developed  on  the  Basis  of 
Laboratory  Characterization  Data  -  Soils 


Problem  Area 

Group 

Relative  Rating 

1 

Suitable 

2 

Suitable 

3 

Suitable 

4 

Suitable 

5 

Questionable 

6 

Unsuitable 

7 

Suitable 

8 

Unsuitable 

9 

Questionable 

10 

Questionable 

11 

Questionable 

12 

Unsuitable 

13 

Questionable 

14 

Unsuitable 

15 

Unsuitable 

16 

Unsuitable 
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Table  34 


Problem  Identification  Categories  of  Prairie  Dog  Overburden 

Material 


Problem 

Identification 
Categories 
Group  No. 


Sample 
Number 


Characteristics 


1 


9 

10 

11 
12 
13 
14 
15 


79-110-7 
79-110-5 
79-110-3 
79-110-8 
79-110-1 

79-111-3 
79-111-4 
79-107-4 
79-107-7 

79-107-2 

79-110-3 

79-111-5 

79-110-2 

79-107-1 
79-107-5 

79-108-4 

79-108-2 

79-108-3 
79-108-7 

79-108-1 
79-108-5 
79-110-4 
79-108-6 


79-111-2 
79-111-1 
79-110-6 


Low  P  and /or  K 


Low  P  and/or  K,  EC  marginal 

Low  P,  fair  texture 

pH  fair,  ESP  nonacceptable 

Low  P,  EC  marginal,  poor  texture 

pH  fair,  low  P,  ESP  marginal 

Low  P,  EC  marginal,  fair  texture 

pH  poor,  ESP  nonacceptable 

ESP  nonacceptable,  poor  texture 

pH  fair,  ESP  nonacceptable,  fair 
texture 

EC  poor,  ESP  nonacceptable, 
fair  texture 

pH  poor,  ESP  nonacceptable, 
fair  texture 

fair  pH,  low  P,  ESP  nonacceptable, 
fair  texture 

pH  poor,  low  P,  ESP  nonacceptable, 
fair  texture 

Low  P  and/or  K,  EC  marginal, 
ESP  nonacceptable,  fair  texture 


16 


79-107-6 


pH  poor,  low  P,  EC  poor,  fair  texture 
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Description  of  Overburden  "Problem  Area  Groups" 


Problem  Areas 


1.   Fertility 


Fertility,  salinity 
marginal 


Description  and  basis  for  suitability  rating 

This  group  includes  problem  identification 
category  1  which  is  characterized  by  poten- 
tially low  P  and/or  K.   These  materials  are 
suitable  if  proper  fertilization  is  practiced. 

This  group  includes  problem  identification 
category  2  which  is  characterized  by  potential 
deficiencies  of  P  and/or  K  along  with  moderate 
salinity  levels.   These  materials  are  classed 
suitable . 


3.   Fertility,  fair  texture 


This  group  includes  problem  identification 
category  3  which  is  characterized  by  potential 
P  deficiency  along  with  clay  loam  and  silty 
clay  loam  texture.   These  materials  are  suit- 
able if  water  erosion  control  measures  and 
fertilizers  are  utilized. 


ESP  nonacceptable, 
pH  fair,  pH  poor, 
fair  texture 


5.   Fertility,  marginal 

salinity,  poor  texture 


This  group  includes  problem  identification 
categories  4,  8,  and  12  which  are  characterized 
by  nonacceptable  (>15)  ESP  along  with  fair  or 
poor  pH.   These  materials  would  be  classed  as 
unsuitable  due  to  high  sodium  contents. 

This  group  includes  problem  identification 
category  5  which  is  characterized  by  potential 
P  deficiencies,  marginal  salinity  and  silty 
clay  textures.   These  materials  are  classed 
as  questionable  due  to  the  erosiveness  of  the 
materials . 


Fertility,  marginal 
ESP,  pH  fair 


7.   Fertility,  marginal 

salinity,  fair  texture 


This  group  includes  problem  identification 
category  6  which  is  characterized  by  potential 
P  def icienceies ,  moderate  ESP  and  fair  pH. 
Moderate  sodium  level  increased  water  erosion 
potential  by  reducing  plant  growth  and  decreas- 
ing infiltration  rates,  thus  causing  more  run- 
off.  Materials  in  this  group  are  classed  as 
questionable . 

This  group  includes  problem  identification 
category  7  which  is  characterized  by  low  P 
levels,  moderate  salinity  and  fair  textures. 
These  materials  are  classed  as  suitable. 
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9. 


Sodium  nonacceptable, 
poor  texture, 
marginal  salinity 


Fertility,  sodium 
nonacceptable,  pH  fair, 
fair  texture 


This  group  includes  problem  identification 
category  9  which  is  characterized  by  nonaccept- 
able sodium  levels,  poor  texture  and  marginal 
salinity.   Due  to  the  effect  of  high  sodium, 
these  materials  would  be  classed  unsuitable. 

This  group  includes  problem  identification 
categories  10  and  13  which  are  characterized 
by  nonacceptable  sodium  levels,  low  P  levels, 
fair  pH  and  fair  textures.   The  high  sodium 
levels  increase  erosion  potential  and  inhibit 
plant  growth  to  all  but  the  most  sodium-tolerant 
species.   Materials  in  this  group  are  classed 
as  unsuitable. 


10.   Salinity  poor, 

nonacceptable  sodium, 
fair  texture 


11.   Sodium  unacceptable, 
pH  poor,  fertility, 
fair  texture 


This  group  includes  problem  identification 
category  11  which  is  characterized  by  high 
salinity  and  sodium  along  with  fair  textures. 
These  materials  are  unsuitable  as  growth  media 
for  all  but  very  salt-tolerant  species. 

This  group  includes  problem  identification 
category  14  which  is  characterized  by  high 
sodium,  poor  pH,  low  P  levels  and  fair  textures 
These  materials  offer  little  potential  as 
plant  growth  media  due  to  the  very  high  sodium 
levels  and  therefore  would  be  classed  as 
unsuitable . 


12.   Fertility,  marginal 

salinity,  nonacceptable 
sodium,  fair  texture 


This  group  includes  problem  identification 
category  15  which  is  characterized  by  low  P 
and/or  K,  moderate  salinity,  nonacceptable 
sodium  and  fair  texture.   These  materials  are 
severely  limiting  as  a  plant  growth  medium 
due  to  the  high  sodium  levels  which  inhibit 
plant  growth.   These  materials  would  be  classed 
as  unsuitable. 


13.  Fertility,  salinity 
poor,  pH  poor,  fair 
texture 


This  group  includes  problem  identification 
category  16  which  is  characterized  by  low  P, 
moderately  high  salinity,  poor  pH  and  fair 
texture.   These  materials  would  be  classed  as 
unsuitable  due  to  the  effects  of  pH  and  high 
salinity  on  plant  growth  and  environmental 
quality. 


Table  36 


Summary  of  Suitability  Ratings  Developed  on  the  Basis  of 
Laboratory  Characterization  Data  -  Overburden  Material 


Problem  Area  Group 

Relative  Rating 

1 

Suitable 

2 

Suitable 

3 

Suitable 

4 

Unsuitable 

5 

Questionable 

6 

Questionable 

7 

Suitable 

8 

Unsuitable 

9 

Unsuitable 

10 

Unsuitable 

11 

Unsuitable 

12 

Unsuitable 

13 

Unsuitable 

Plant  Analysis  -  Prairie  Dog  Creek 


Sample  No. B_    Pb Se Mo 

ppm 

108-1        10     <5     <5     1.9 


108-3        --     <5     <5     4.5 
108-5        —     <5     <5     3.8 
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